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POREWDHD 


This  report  was  prepared  by  the  Georgia  Institute  of 
Technology,  State  Engineering  Experiment  Station,  on  U,  S. 

Air  Force  Contract  No.  33(03S)-10179,  EDO  No.  H602-193, 
“Development  of  Textiles  for  use  in  High  Speed  Parachutes .* 

The  work  was  administered  under  the  direction  of  the  Materials 
Laboratory,  Research  Division,  Wright  Air  Development  Center, 
with  Mr.  J.  H.  Ross  acting  as  project  engineer. 

The  yarns  "Orion”  and  "Dacron",  evaluated  in  this  report, 
were  comparatively  new  in  relation  to  the  other  yarns  at  the 
time  work  was  begun.  We  are  grateful  to  the  manufacturer, 

E.  I.  du  Pont  de  Nemours  and  Company,  for  making  a  supply  of 
"Orion"  and  "Dacron"  available  for  this  investigation. 

Materials  evaluated  consisted  of  production  of  commercial 
types  with  the  exception  of  "Orion"  and  "Dacron",  which  were 
in  pilot  plant  production  at  the  time  the  investigation  was 
started. 

Until  the  publication  of  this  report,  the  textile  industry 
has  been  without  sufficient  data  concerning  twist  in  synthetic 
yarns.  The  compiling  of  this  data,  based  on  production  yams, 
will  aid  in  the  improvement  of  USAF  materials. 
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ABSTRACT 


As  synthetic  textile  fibers  have  varied  uses  in  today's 
ideas  and  materials,  a  need  has  been  felt  for  an  investigation 
into  the  effect  of  twist  on  synthetic  yams.  It  was  decided 
that  in  the  study  of  synthetic  yarns,  those  used  most  in  USAF 
materials  would  be  evaluated. 

Yarns  studied  included  five  deniers  of  Viscose  Rayon  from 
three  producers;  ten  deniers  of  nylon;  four  deniers  of  Orion; 
and  three  deniers  of  Dacron.  The  main  objective  of  the  program 
was  the  study  of  the  effect  of  twist  on  the  following  properties 
of  the  yarns: 

a.  Denier 

b.  Diameter 

c.  Breaking  strength 

d.  Elongation 

e.  Energy  Absorption 

f.  Elastic  Recovery 

Increments  of  twist  were  added  to  the  yarns  until  the  break¬ 
ing  strength  had  decreased  approximately  from  the  original 
values,  or  until  creping  or  shearing  occurred. 

The  twisting  of  the  yarns  and  testing  were  conducted  in 
laboratories  conditioned  to  J0°  plus  or  minus  2°F.  and  a  Relative 
Humidity  of  65  plus  or  minus  2 j>. 

Each  yam  has  been  considerfd^separately  in  the  evaluation, 
but  with  rayon  yams  no  separation  was  made  for  each  different 
manufacturer's  yarn.  Generally  the  results  show  that  the  effect 
of  twist  on  any  characteristic  of  yam  is  greater  for  the  higher 
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denier  yarns  than  for  the  low  denier  yams.  Detailed  data  are 
given  in  "both  tabular  and  graphic  form,  for  the  effect  of  twist 
on  the  properties  of  the  individual  yarns. 


PUBLICATION  RWIEW 

Manuscript  copy  of  this  report  has  been  reviewed  and  found 
satisfactory  for  publication. 
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I.  INTRODUCTION 


As  an  outgrowth  of  the  increasing  demands  being  made  today  on  the 
synthetic  yarn  industry,  especially  in  the  manufacture  of  vital  fabrics 
such  as  parachute  materials  and  other  defense  commodities,  there  has 
arisen  a  need  for  basic  data  pertaining  to  the  general  properties  and 
characteristics  of  the  various  synthetic  filament  yarns.  As  a  result, 
the  State  Engineering  Experiment  Station  and  the  A.  French  Textile  School 
of  the  Georgia  Institute  of  Technology,  under  the  sponsorship  of  Wright  Air 
Development  Center,  Contract  No.  AF  33(038)-101?9,  have  been  engaged  in  a 
research  program  designed  to  investigate  the  characteristics  of  several 
of  the  better  known  synthetic  filament  yarnsj  namely,  viscose  rayon, 
nylon,  Orion,  and  Fiber  V.  The  main  objective  of  the  program  has  been 
the  determination  of  the  effect  of  twist  on  the  following  properties  of 
the  yarns: 

1.  Apparent  Denier 

2 .  Diameter 

3.  Dry  Breaking  Strength  and  Elongation 

U.  Energy  Absorption 

5.  Elastic  Recovery 

The  yarns  chosen  for  the  experimental  study  are  given  in  Table  I. 
Since,  at  the  time  of  the  research,  Orion  and  Fiber  V  were  being  produced 
only  in  experimental  quantities,  it  was  not  possible  to  secure  these 
yarns  in  a  wide  range  of  denier  sizes.  However,  the  wide  selection  of 
rayon  and  nylon  yarns  which  were  used  afforded  an  opportunity  to  obtain 
much  valuable  and  interesting  data. 

•Fiber  V  has  recently  been  given  the  official  name  of  Dacron  but  will  bear 
its  former  name  throughout  this  document. 
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TABIE  I 


YARNS 

TESTED 

Viscose  Rayon 

WWW 

Nylon 

WMW 

Orion 

Fiber  V*** 

150-1*0-2.5S* 
150-40-2. 5S** 

2 50-60-2. 5&»* 
300-l*l*-2.5S*» 
300-120-2. 5S*** 

20-7-0. 5Z-200 

30-10-0. 5Z-200 

1*0-13-0. 5Z-200 

l*0-3l*-0.5Z-200 

70-3l*-0. 52-100 

70-3i*-0.5Z-200 

70-3i*-0.5Z-300 

100-3l*-0.5Z-300 

210-3U-1Z-300 

260-17-1Z-300 

75-30-0. 3Z 
100-1*0-0. 3Z 
200— 80-0. 3Z 
1*00-160-0. 3Z 

i*0-3l*-lZ-ST-2 

70-3U-1Z-ST-2 

210-3i*-1.5Z-5l00 

•supplied  by  industrial  Rayon  Corporation. 

■"♦Supplied  by  American  Viscose  Company. 

♦"♦Supplied  by  E.  I.  du  Pont  de  Nemours  &  Company. 

The  experimental  program  was  divided  into  four  parts.  The  first 
phase  of  the  work  was  devoted  to  a  study  of  the  viscose  rayon  yamsj  the 
second,  to  the  nylon  yarns j  the  third,  to  Fiber  V;  and  the  fourth,  to 
Orion.  The  second  section  discusses  methods  and  techniques  used  in  the 
studies.  The  data  obtained  in  the  rayon  yarn  experiments,  along  with  a 
discussion  of  the  results,  are  presented  in  the  third  section.  Graphical 
illustrations  and  tables  are  included.  Similarly,  the  fourth,  fifth,  and 
sixth  sections  present  results  of  the  nylon,  Fiber  V,  and  Orion  experimen¬ 
tal  studies,  respectively.  Correlation  and  comparison  of  all  the  data 
are  given  in  the  seventh  section  and  the  Appendix. 

Since  time  is  necessarily  limited  in  an  investigation  of  this  type, 
it  was  deemed  best  to  study  as  many  yarns  as  possible  at  the  sacrifice  of 
detailed  quantitative  tests.  It  is  felt  that  the  results  present  an  over¬ 
all  picture  of  the  changes  in  the  properties  of  yarns  as  twist  is  added. 
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XI.  GENERAL  EXPERIMENTAL  METHODS  AND  TECHNIQUES 

In  any  research  problem  it  is  essential  that  all  the  experimental 
testing  be  performed  under  controlled  conditions.  rJhile  this  criterion 
applies  for  any  type  of  experiment,  it  is  especially  important  in  the 
field  of  textile  research,  where  there  are  many  variables.  Some  of  the 
more  important  are  variations  in  atmospheric  conditions,  operator  tech¬ 
nique,  yarn  characteristics  from  one  package  to  another,  yarn  differences 
within  one  package,  and  machine  errors.  The  general  practices  listed 
below  were  designed  to  minimize  the  effect  of  variation  in  conditions. 

1.  All  twisting  and  testing  of  yams  was  carried  out  in  the  tem- 
perature— humidity— controlled  laboratory  shown  in  Figure  1.  The  air  in 
the  laboratory  was  maintained  at  a  temperature  of  70°1  2°  F  and  a  relative 
humidity  of  65  +  2  per  cent,  which  are  the  standard  conditions  used  in 
the  testing  of  textile  materials.  These  conditions  prevailed  for  a  period 
of  two  to  three  hours  before  any  testing  was  done. 

2.  "Wherever  practicable,  procedures  as  set  forth  in  the  A.S.T.M. 
Standards  on  Textile  Materials*  were  used. 

3.  Standard  statistical  methods  were  used  to  determine  the  signifi¬ 
cant  number  of  tests  to  be  performed  on  each  yarn. 

il.  Each  yarn  package  was  tagged  with  an  identification  label  in 
such  a  manner  that  the  yarn  from  the  original  package  retained  its  iden¬ 
tity  throughout  the  entire  twisting  and  testing  operation. 

5.  The  yarn  was  carefully  removed  from  the  package  in  a  manner  that 
would  not  affect  the  twist. 

6.  "'Whenever  possible,  the  same  series  of  tests  on  a  given  yarn  was 

*A.S,T.M.  Standards  on  Textile  Materials.  Prepared  by  A.S.T.M.  Committee 

E-13  on . Textile  Materials!  ^American  Society  for  Testing  Materials) 

October  19l;9. 
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Figure  1.  Twisting  and  Testing  Laboratory. 


repeated  on  the  same  day  and  by  the  same  operator.  This  procedure  tended 
to  reduce  human  and/or  mechanical  errors. 

7.  Tests  were  performed  on  each  yarn  as  it  was  received  from  the 
manufacturer  and,  also,  with  twist  added  in  given  increments  until  approxi¬ 
mately  Uo  per  cent  of  the  original  breaking  strength  was  lost  (or  until 
creping  occurred  in  the  yarn). 

A.  Twisting  Procedure 

Twisting  of  the  yarn  was  accomplished  by  (l)  winding  of  the  yam  from 
its  original  package  onto  a  twister  supply  spool,  with  a  Sipp-Eastwood 
single  deck  spool  winder,  and  (2)  twisting  of  the  yarn  on  an  Atwood 
Universal  Model  110  uptwister  shown  in  Figure  2. 

Whenever  possible  enough  yarn  was  wound  onto  the  supply  spool  so  that 
all  increments  of  twist  for  the  various  tests  could  be  twisted  without 
the  spool's  having  to  be  refilled.  Twenty  supply  spools  were  filled  in 
one  winding  operation.  This  accommodated  five  different  yarns,  the  use 
of  four  bobbins  being  assumed  for  each.  Upon  completion  of  the  winding 
operation,  each  stqpply  spool  was  carefully  labeled. 

B.  Testing  Apparatus  and  Procedures 

The  yarns  were  not  treated  with  any  twist  setting  material  before 
the  twisting  nor  was  there  any  attempt  made  after  the  twisting  to  set 
the  twist  by  steaming  or  other  methods. 

The  twister  was  equipped  with  a  Herr  type  flyer  which  could  easily 
be  changed  to  regulate  the  tension  on  the  yam.  Tensions  were  so  con¬ 
trolled  that  the  maximum  tension  (in  grams)  on  each  yarn  was  equal  to 
approximately  one  fourth  to  one  third  of  the  yarn  denier.  The  spindle 
speed  was  maintained  at  8730  r.p.m.  for  all  twisting  operations. 
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Figure  2.  Atwood  Universal  Uptwister. 


The  yarn  tests  included  in  the  investigation  are  given  in  Table  II 
along  with  the  number  of  samples  tested  in  each  study, 

TABLE  II  . 

YARN  TESTS 


_ Test _  Samples  Tested 

Apparent  Denier  10 

Diameter  20* 

Twist  10 

Dry  Breaking  Strength  and  Elongation  20 

Energy  Absorbed  by  Yam  to  Breaking  Load  20 

Energy  Absorbed  by  Yarn  to  85  Per  Cent  10 

Breaking  Load 

Elastic  Recovery  10 


*In  the  case  of  the  nylon,  Orion,  and  Fiber  V  yarns,  W  tests  were 
made  on  the  "as  received”  yarn  because  of  variations  in  diameter. 


1.  Denier  Determinations 

Reeling  off  225  meters  of  yarn  on  a  standard  Suter  rayon  yarn 
reel  and  weighing  the  yam  on  an  analytical  balance  enabled  determination 
of  the  apparent  yam  denier.  Denier s  were  calculated  after  corrections 
were  made  for  the  moisture  content  of  the  yarn  as  determined  in  a  Brabender 
moisture  tester.  Photographs  of  the  equipment  used  for  these  measurements 
are  shown  in  Figures  3  and  U, 

Since  denier  is  numerically  equal  to  the  number  of  grams  per  9000 
meters,  the  following  formulas  were  used  for  the  denier  calculations: 
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denier  =  W  x  IjO 


where 


W  =  weight  of  a  22^-meter  skein  corrected  to 
standard  commercial  moisture  regain. 


The  weight,  W,  corrected  to  the  commercial  regain  basis  was  calculated  in 


the  formula : 


where 


actual  weight  of  sample  x  (lOO  +  commercial  regain), 
100  +  actual  regain 


actual  regain  (%)  = 


10  x  %  moisture 


x  100. 


Commercial  regain  values  at  conditions  of  70°  F  and  65  per  cent 
relative  humidity  were  used  for  all  weight  corrections. 


These  are  as  follows; 

Viscose  Rayon;  11.0  per  cent 

Nylon:  b.5  per  cent 

Orion:  1.75  per  cent 

Fiber  Vs  O.b  per  cent* 

2.  Diameter  and  Twist  Determinations 

Diameter  tests  were  made  by  use  of  a  calibrated  low-power 
Spencer  microscope  and  filar  micrometer.  Twist  was  measured  with  a 
standard  Suter  twist  counter.  As  shown  in  Figure  5>  the  microscope  was 
mounted  on  a  movable  base  attached  to  the  twist  counter,  so  that  the 
diameter  and  twist  checks  could  be  made  in  the  same  operation.  In 
preparation  for  testing,  a  ten-inch  sample  of  yarn  was  clamped  into  the 
jaws  of  the  counter  and  tension  was  applied  as  follows: 

0-150  denier  yarn:  10-20  grams, 

150-250  denier  yarn:  20-30  grams, 

2^0-bOO  denier  yarn:  30-b0  grams. 


*The  latest  data  available  on  Fiber  V  were  received  from  du  Pont, 
January  195l« 
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Figure  5.  Twist  Counter  and  Microscope  Used  in  Twist  and  Diameter  Measurements. 


In  each  case  the  tension  applied  was  just  sufficient  to  take  any  kink 
out  of  the  yarn  without  stretching  it. 

The  yarn  was  first  checked  for  diameter  (measured  in  microns);  the 
microscope  head  was  rotated  to  one  side,  and  a  twist  measurement  was  made 
(in  turns  per  inch).  To  obtain  a  clear-cut  microscopic  view  of  the  yarn, 
it  became  necessary  to  place  a  cover  glass  over  the  sample.  This  method 
was  used  except  when  the  yarn  appeared  to  be  crushed  or  spread  by  the 
force  of  the  cover  glass,  as  in  the  case  of  the  "as  received"  samples. 

3.  Dry  Breaking  Strength  and  Elongation  Determinations 

••.■waft- . 

Tests  for  dry  breaking  strength  and  elongation  were  made  on 
the  Scott  inclined  plane  (IP-2)  machine  and  on  the  Suter  single  strand 
tester.  This  offered  an  opportunity  for  checking  of  results  and  for 
comparison  of  the  two  machines. 

In  order  to  facilitate  the  experimental  work,  two  IP-2  machines  were 
kept  in  operation;  howeveryall  tests  on  the  same  yarn  were  made  on  the 
same  machine.  Photographs  of  the  Suter  tester  and  the  IP-2  machines 
used  are  shown  in  Figures  h  and  6,  respectively. 

a,  IP-2  Tests.  In  preparation  for  testing  on  the  IP-2  machine, 
a  ten-inch  sample  of  yarn,  under  a  tension  sufficient  to  remove  any  slack 
or  kinks  in  the  yarn,  was  clamped  in  the  jaws  of  the  machine.  The  neces¬ 
sary  load  was  then  applied  to  the  yam  sample  at  a  constant  rate.  Curves 
were  recorded  on  standard  serigraph  charts. 

A  considerable  amount  of  difficulty  was  encountered  with  the  yarn 
breaking  within  one-half  inch  of  the  jaw  and  at  the  jaw.  This  condition 
appeared  to  be  caused  by  a  cutting  or  crushing  action  applied  to  the 
yarn  at  the  edge  of  the  jaws.  Lining  the  inner  faces  of  the  jaws  with 
tape  in  order  to  provide  a  cushion  for  the  yam  reduced  the  jaw  breaks. 
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Figure  6.  Inclined  Plane  -  2  Tester  and  Operator. 


The  tapes  found  most  successful  with  the  different  yarns  are  as 
follows : 

1,  Viscose  Rayon :  Masking  Tape 

2,  Nylon:  Masking  Tape  and  Cellophane  Tape 

3,  Fiber  V:  Cellophane  Tape 

li.  Orion:  Masking  Tape* 

Clear,  sharp  breaks  were  difficult  to  obtain  on  the  "as  received" 
yarns.  This  was  particularly  true  with  nylon  and  Fiber  V.  In  these 
cases,  there  was  a  gradual  breakage  of  the  filaments,  which  made  it  very 
difficult  to  determine  the  true  point  of  rupture  or  break. 

b.  Suter  Tests.  In  the  Suter  tests  an  18-inch  sample  of  yarn 
was  clamped  in  the  machine.  It  was  stressed  with  the  plunger  falling  at 
a  rate  of  12  i  0.5  inches  per  minute.  At  the  break,  the  elongation  and 
the  breaking  strength  were  read  on  their  respective  scales.  Very  often 
the  elongation  reading  could  not  be  considered  accurate;  this  was  true 
especially  when  the  yarn  filaments  broke  gradually,  since  the  load  scaler 
stopped  the  instant  the  first  filament  broke,  whereas  the  elongation 
scaler  continued  until  all  filaments  had  broken.  The  limited  scale  pre¬ 
vented  use  of  the  Suter  machine  on  yarns  with  high  elongation. 

c.  Comparison  of  the  Suter  and  IP-2  Machines 

(1)  Since  different  sample  lengths  as  well  as  different 
loading  rates  were  used  on  the  two  machines,  differences  in  results 
should  be  expected. 

(2)  As  a  whole  it  is  felt  that  the  results  obtained  with 
the  IP-2  machine  are  more  reliable  than  those  obtained  with  the  Suter 
tester.  This  opinion  is  based  on  the  fact  that,  in  some  cases,  it  was 
not  possible  to  get  sharp  breaks  on  the  Suter  machine, 

1 h 
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It.  Energy  Absorption  and  Elastic  Recovery  Calculations 

Energy  is  defined  as  the  ability  of  a  body  to  do  -work,  and  since 
work,  by  definition,  is  the  product  of  the  force  and  the  distance  through 
which  the  force  acts,  the  energy  absorbed  by  a  sample  of  yarn  can  be  deter¬ 
mined  by  measurement  of  the  area  under  the  stress-strain  curve.  Thus, 
the  area  under  curve  ABC  in  Figure  7  would  be  a  measure  of  the  energy 


absorbed  by  the  yarn  at  its  rupture  or  breaking  point. 

Hence  plotting  an  average  curve  of  the  20  original  breaking  strength 
curves  and  measuring  the  area  under  the  curve  AB-3C-CA  with  a  planimeter 
yielded  measurement  of  the  energy  absorbed  by  a  yarn  at  rupture.  Simi¬ 
larly,  the  energy  absorbed  by  stressing  of  the  yarn  85  per  cent  of  the 
breaking  load  was  obtained  by  plotting  an  average  curve  of  the  ten  hys¬ 
teresis  diagrams  and  measuring  the  area  of  this  curve. 


Figure  8. 
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All  energy  absorption  data  in  this  report  are  expressed  in  gram- 
centimeter  work  units. 

It  is  realized  that  the  energy  absorption  and  elastic  recovery  tests 
should  also  be  conducted  with  mechanically  conditioned  yarns,  but  the  time 
and  funds  available  for  the  study  covered  by  this  report  did  not  permit 
this  extensive  work. 


III.  VISCOSE  RAYON  YARNS 

The  initial  phase  of  the  experimental  program  was  a  study  of  the 
effect  of  twist  on  the  properties  of  viscose  rayon  filament  yarns.  It 
is  the  purpose  of  this  section  to  present  and  to  discuss  the  results  of 
the  rayon  yarn  experimental  work  and  to  give  a  general  analysis  of  the 
data. 

Five  different  rayon  yarns  were  chosen  for  study.  A  complete  de¬ 
scription  of  these  yarns  is  presented  in  Table  III.  The  yarn  charac¬ 
teristics  given  in  the  table  are  those  which  were  specified  on  the  cones 
of  yarn  as  received  from  the  manufacturer. 

TABLE  III 

VISCOSE  RAYON  YARN  DESCRIPTIONS 
( "AS-RECEIVED”  FROM  THE  MANUFACTURER) 


Yarn  Characteristics 


Denier 

Number  of 
Filaments 

Twist 

(Turns/inch) 

Luster 

Tenacity 

Manufacturer 

150 

1*0 

2.5-S 

Bright 

Normal 

American  Viscose  Co. 

150 

Uo 

2.5-S 

Bright 

Semihigh  Industrial  Rayon  Corp. 

250 

60 

2.5-S 

Semidull 

Normal 

American  Viscose  Co. 

300 

hh 

2.5-S 

Bright 

Normal 

American  Viscose  Co, 

300 

120 

2.5-S 

Bright 

Semihigh 

E.  I.  DuPont  &  Co. 
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A.  Twisting 

Twist  was  placed  in  each  of  the  rayon  yarns  according  to  the 
standard  twisting  procedure  given  in  the  "INTRODUCTION"  until  shearing 
and/or  creping  of  the  yarns  occurred.  The  approximate  twists  added  to 
the  different  yarns  are  presented  in  Table  IV.  All  the  yarns  were  tested 
as-received  and  with  the  added  twists  given  in  the  table  below.  Also 
included  in  the  table  is  the  percentage  loss  in  original  breaking  strength 
(B.S.)  for  each  yarn  at  its  maximum  twist,  as  calculated  from  the  experi¬ 
mental  data. 

TABLE  IV 

TWISTING  DATA  FOR  VISCOSE  RATON  TARNS 


Yarn 

Per  Cent  Loss  in 

Approximate  Twist  Original  Breaking  Strength 

Added  (TPI)  at  Maximum  Twist 

150-1|0-2.5S* 

5.0,  10.9, 

20. U, 

36 

(Ind.  Ray.) 

33.3,  53, 

.0 

150-U0-2.5S 

5.0,  10.9, 

20. U, 

30 

(AVisco) 

33.3,  53 

.0 

250-60-2.53 

5.0,  10.9, 

20.  U, 

36 

(AVisco) 

33.3,  U2, 

.3 

300-101-2.53 

5.0,  10.9, 

20.1, 

32 

(AVisco) 

33.3 

300-120-2.53* 

5.0,  10.9, 

20. U, 

36 

(DuPont) 

33.3 

AOemihigh-tenacity  yarn. 

As  was  originally  proposed,  every  effort  was  made  to  continue  the  addition 
of  twist  until  a  loss  of  hO  per  cent  in  the  original  breaking  strength  of 
the  yarns  had  been  obtained.  However,  as  is  shown  in  the  table,  the 
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desired  percentage  loss  was  not  obtained  for  any  of  the  yams  because 
shearing  and/or  creping  at  higher  twists  prevented  the  addition  of  a 
sufficient  amount.  The  twists  at  which  each  of  the  yams  sheared  are 
as  follows: 


150-HO2 . 5S  (Ind.  Rayon): 
150-U0-2.5S  (AVisco): 
2^3-60-2. 5S  (AVisco): 
300-UU-2.5S  (AVisco): 
300-120-2. 5S  (DuPont): 


56.0  TPI 
56.0  TPI 
1*9.0  TPI 
U2.3  TPI 
1+2.3  TPI 


B.  Presentation  and  Analysis  of  Experimental  Data 
1.  Twist  Determinations 

The  results  of  the  twist  measurements  for  each  of  the  rayon 
yams  are  given  in  Table  V. 


tabu:  v 

TWIST  MEASUREMENTS  ON  VISCOSE  RAYON  YARNS 


Measured  Twist  (TPI) 
Approximate  —  -  “““ 


Twist  Added  150-1|0-2.5S  150-1*0-2.55  250-60-2. 5S  300-1U;-2.5S  300-120-2 
(TPI)  (Ind.  Ray.)*  (AVisco)  (AVisco)  (AVisco)  (DuPont)'"' 


As-Received 

2.3 

2.9 

2.7 

3.0 

2.3 

5.0 

7.3 

7.8 

7.8 

8.1 

7.1+ 

10.9 

13.lt 

13.6 

13.9 

13.9 

13.lt 

20.it 

23.1 

23.5 

23.lt 

23,2 

23.0 

33.3 

35.lt 

36.0 

36.3 

36.lt 

36.1 

U2.3 

— 

— 

lt5.0 

— 

53.0 

55.8 

55.5 

— *• 

— 

'"5  emidgh- tenacity  yam. 


The  accuracy  of  the  twisting  operation  is  good,  as  can  be  determined  by  a 
comparison  of  the  sum  of  original  and  added  twist  with  the  actual  measured 
twists. 
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2.  Denier  Determinations 


Restilts  of  the  denier  determinations  are  presented  in  Table  VI 
and  given  graphically  in  Figure  9. 

TABLE  VI 

DENIER  MEASUREMENTS  ON  VISCOSE  RAYON  YARNS 


Denier 


Approximate 

Twist  Added  150-1+0-2. 5S  150-1+0-2.5S  2 50-60-2. 53  300-1^-2. 5S  300-120-2. 5S 
(TPI)  (Ind,  Ray, )'*  (AVisco)  (AVisco)  (AVisco)  (DuPont)* 


As-Received 

11+1.9 

150.6 

21+6.3+ 

300.2 

301+.2 

5.o 

na.  9 

151.6 

251.1 

305.1+ 

311.8 

10.9 

11+3.1 

151+.7 

255.7 

311. 9 

319.1 

20.1+ 

13+6.5 

158.5 

267.1 

327.3+ 

331.6 

33.3 

151+.3 

165.7 

287.2 

358.1+ 

367.5 

U2.3 

- — 

.  — 

312.1+ 

— 

53.0 

171.0 

182.5 

B  ,,T" 

— 

":Senn}ii^i-tenaci'ty  yam. 


With  the  exception  of  the  150-3+0  Industrial  Rayon  yam,  the  measured  denier 
of  the  as-received  samples  checked  very  closely  "with  the  denier  specified 
by  the  manufacturers.  It  had  been  assumed  that  the  150-1+0  American  Vis¬ 
cose  and  Industrial  Rayon  yams  were  of  the  same  initial  denier  and  fila¬ 
ment  count,  thus  making  possible  a  comparison  of  two  150-3+0  denier  yams 
with  different  tenacities  and  manufactured  by  different  processes.  However, 
study  of  the  Industrial  Rayon  yam  shows  its  initial  denier  to  be  approxi¬ 
mately  ll+O. 

The  following  conclusions  were  dram  from  an  analysis  of  the  denier 
measurements ; 

a.  For  all  the  yams,  the  denier  is  an  increasing  function 

of  the  twist. 
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Figure  9.  The  Effect  of  Twist  on  the  Denier  of  Viscose  Rayon  Yarn. 
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b,  In  general,  the  larger  the  Initial  denier,  the  greater 
the  percentage  increase  in  denier  for  a  given  increase  in  twist. 

3.  Diameter  Determinations 

Die  diameter  measurements  of  the  rayon  yarns  are  given  in 
Table  VII  and  a  graphical  presentation  of  the  data  is  included  in  Figure 
10. 

TABLE  VII 

DIMETER  MEASUREMENTS  ON  VISCOSE  RATON  TARNS 


Diameter  (Microns) 


Approximate 

Twist  Added  l50-i|0-2.5S  l50-l|0-2.5S  250-60-2. 5S  300-1^-2. 5S  300-120-2.55 

/-*•«»  /  .TTi \  /  trr  *  _  _  .  \  /  *»v*  _  \  vs  * 


(TPI) 


As-Received 

191.1 

179.5 

227.7 

255.2 

27li.8 

5.0 

111!?.  3 

153.3 

190.5 

21i|.9 

217.3 

10.9 

ll|2.6 

Ui9.7 

190.0 

201.9 

208.7 

20. Ij. 

II16.O 

lii8.8 

195.8 

207.9 

2lli.l 

33.3 

ll|2«0 

Hi7.5 

190.8 

211.1 

209.0 

U2.3 

— 

— 

193.3 

— 

•— * 

53.0 

HiO.9 

Ui9.3 

“ — 

*5  emihigh -tenacity  yarn 


From  a  study  of  the  diameter  measurements  it  is  concluded  that  for  all 
the  yarns  there  is  a  decrease  in  diameter  "with  increase  in  twist  through 
8-13  TPI.  Above  this  range,  the  diameter  remains  practically  constant. 

U.  Breaking  Strength  Determinations 

Measurements  of  dry  breaking  strength  for  each  of  the  rayon 
yams  were  made  on  both  the  IP-2  and  Suter  Machines.  The  data  are  given 
in  tabular  form  in  Table  VUI  and  shown  graphically  in  Figures  11  and  12. 
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BREAKING  STRENGTH  (GRAMS) 
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Figure  11.  The  Effect  of  Twist  on  the  Breaking  Strength  of  Viscose 
Rayon  Yarn  (IP-2  Machine) . 
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BREAKING  STRENGTH  (GRAMS) 
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Figure  12.  The  Effect  of  Twist  on  the  Breaking  Strength  of  Viscose  Rayon 
Yarn  (Suter  Single  Strand  Tester). 
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TABLE  VIII 


BREAKING  STRENGTH  MEASUREMENTS 
GN  VISCOSE  RATON  TARNS 


Breaking  Strength  (Grama) 


Approximate  l£0-l*O-2.$S  l£0-l*0-2.£S  250-60-2.5^  300*4*1*-2.£S  300-120-2.^5 
Twist  Added  (Ind.  Ray.)*  (AVisco)  (AVisco)  (AVisco)  (DuPont)* 
(TPI)  IP-2  Suter  Jf-2  Suter  fP-2  Suter  ff-2  Suter  tf-2  duter" 


As-Received 

381 

368 

369 

31*8 

1*91* 

1*55 

707 

661 

823 

803 

5.o 

399 

393 

380 

359 

507 

1*61* 

723 

692 

867 

8£L 

10.9 

1*03 

396 

393 

372 

507 

1*61* 

717 

679 

81*1* 

812 

20.I* 

381* 

380 

387 

368 

1*55 

1*15 

638 

600 

687 

657 

33.3 

31*8 

336 

335 

319 

375 

337 

1*82 

1*53 

515 

1*85 

1*2.3 

— 

— 

— 

— 

325 

288 

— - . 

— 

— 

— 

53.0 

21*3 

213 

260 

233 

' 

— **■» 

H*  ' 

frSemthlgW-tenacity  3ra.rn, 


From  a  study  of  the  breaking  strength  data,  the  following  are  indicated: 

a.  A  comparison  of  the  IP-2  and  Suter  data  indicates  that  the 
Suter  results  are  consistently  lower  than  the  IP-2  data.  However,  the 
curves  obtained  by  the  two  methods  are  very  similar  in  shape. 

b.  For  all  the  yarns,  there  is  an  increase  over  the  initial 
breaking  strength  at  very  low  twists,  followed  by  a  small,  twist  range 
over  which  the  maximum  strength  remains  practically  constant.  Then 
there  is  a  decrease  in  breaking  strength  for  added  twists'  above  this 
range. 


c.  At  all  twists,  the  breaking  strength  of  the  300-120  semi- 
high  tenacity  yarn  is  greater  than  that  of  the  300-1*1*  normal  tenacity 
yarn.  Die  rate  of  increase  and  the  rate  of  decrease  in  yarn  strength 
are  both  greater  for  the  300-120  high- tenacity  yarn. 

d.  Tests  show  that  the  rate  of  decrease  in  breaking  strength 
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becomes  greater  as  the  denier  and  twist  of  the  yarn  are  increased* 
e»  The  maximum  breaking  strength  occurs  at  higher  twists 
and  remains  constant  over  a  greater  range  of  twist  for  the  1$0  and  250 
denier  yams  than  for  the  300  denier  yams. 

5.  Elongation  Determinations 

The  elongation  measurements  at  breaking  load  were  obtained 
simultaneously  with  the  breaking  strength  data  on  the  IP-2  and  Suter 
testers.  Table  IX  and  Figures  13  and  ll;  present  the  results  of  the 
elongation  determinations . 

TABLE  IX 

ELONGATION  MEASUREMENTS  AT  BREAKING  LOAD 
ON  VISCOSE  RAYON  YARNS 


Elongation  (Per  Cent) 

Approximate  l50-hO-2.5S  l50-U0-2.5S  250-60-2.55  300-Ul-2.5S  300-120-2.55 

TSin  o+  AAAesA  ( TVir?  Pqv  V#'  (  AV*?  csr*r\  ^  (  ATT*?  (  AT 74  oaa  ^  ^  ^ 


J.  uJLo  0  ii.UW.CU. 

(TPI) 

12-2 

Suter 

Ip-2  £>uter 

IP-2 

Suter 

5uter 

As-Received 

10.3 

10.8 

19.1 

20. U 

21.5 

22.3 

21.0 

22.0 

lU.6 

1U.5 

5.0 

11.0 

ll.  u 

20.1 

20.9 

22.2 

22.7 

22.3 

23.3 

16.0 

16.6 

10.9 

n.5 

11.6 

20.8 

21.9 

22.8 

23.1 

22.8 

23.5 

16.2 

17.0 

20, U 

11. 8 

12.2 

22.3 

23. U 

22.1 

22.2 

22.5 

22.5 

Ui.U 

15.6 

33.3 

12.5 

12.7 

21.7 

22.8 

21.  U 

21.7 

21.  h 

21.  U 

lU.9 

15.1 

U2.3 

— 

— 

— 

— 

22.2 

21.1 

— 

— 

— 

— 

53.0 

11.3 

11.1 

21.5 

21.5 

— 

— 

— 

— 

— 

— 

^-Semihl^i^'tenacity  yam. 


Results  of  an  analysis  of  the  elongation  data  are  as  follows: 

a.  The  Suter  and  IP-2  elongation  results  agree  closely. 

b.  For  all  the  yams,  elongation  is  increased  at  low  added 
twists j  it  is  decreased  at  all  greater  twists,  Dae  maximum  elongation 
is  reached  at  lower  twists  in  the  higher  denier  yams. 

c.  The  per  cent  elongation  of  the  semihigh-tenacity  yams  is 
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ELONGATION  AT  BREAKING  LOAD  (PER  CENT) 
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Figure  14.  The  Effect  of  Twist  on  the  Elongation  of  Viscose  Rayon  Yarn 
(Suter  Single  Strand  Tester). 
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considerably  lower  than  that  of  the  normal  tenacity  yarns. 

d.  In  general,  unless  the  mechanical  properties  of  rayon  yarns 
are  altered,  the  measured  elongation  is  only  slightly  affected  by  added 
twist. 

6.  Energy  Absorption  Values 

Energy  absorption  calculations  were  made  for  each  yarn  at  the 
breaking  load  and  at  85  per  cent  of  the  breaking  load.  (As  stated  earlier 
in  this  report,  these  calculations  were  based  on  data  obtained  on  the 
IP-2  tester.)  Both  sets  of  -values  are  given  in  Table  X.  The  graphical 
analysis  of  the  energy  absorbed  to  break  is  presented  in  Figure  15,  and 
that  for  the  energy  absorbed  to  85  per  cent  of  breaking  load  is  given  in 
Figure  16. 

TABLE  X 

ENERGY  ABSORPTION  VALUES 
FOR  VISCOSE  RAYON  YARNS 


_ Energy  Absorbed  (Gram-Cm. ) _ . 

i5o-Uo-2,5sv  i5o-Uo-2.5s  250-60-2. 5s  3oo-l*l*-2.5s  300-120-2. 5s 

Approximate  (Ind.  Ray.  )'*  (AVisco)  (AVisco)  (AVisco)  (DuPont)* 
Twist  Added  A  ' '  '  “  feg  W"  "  '  ' 


Break  Break  Break  Break  Break  Break  Break  Break  Break  Break 


As-Received 

681* 

352. 

1181* 

71*5 

1832 

1217 

21*76 

1558 

1901* 

1225 

5.0 

787 

1*01 

1266 

773 

1926 

1283 

261*5 

161*3 

2121 

11*01 

10.9 

811* 

14.07 

131*0 

869 

1938 

131*2 

2667 

1637 

2089 

1 1*55 

20.1* 

77l* 

1*31* 

1381* 

891 

1671 

1177 

221*6 

1521* 

1539 

101*6 

33.3 

705 

1*52 

1155 

778 

1310 

971 

161*0 

111*7 

1178 

855 

1*2.3 

— — 

■ — - 

— 

— 

1191 

805 

— . 

53.0 

1*29 

283 

861 

61 1* 

~"~o emihl gh-benaci  ty  yarn. 


In  general,  the  following  conclusions  can  be  made  from  the  experimental 


data: 
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ENERGY  ABSORPTION  AT  BREAKING  LOAD  (GRAM-CM.) 


inviin 

KbBBBBBB 

Shkhh: 

■■  m  ■■■■■■■■■■■■ 

bbbbbbbbbb bbbbb 

bbbbb bbbbb bbbbb 
•aaa&iaaBB bbbbb 
aaaBB bbbbb bbbbb 

NSSRBillHBSIllBH 
«■■■■■■■■■■«■■■ 

■  naiNIRBNSBRUR 
BBBBBBBBBB BBBBB 

SSSSSSSSSS5SSS5 

RRRRRRRRRR BBBBB  _ __ „  

■■■■■■■■■■ bbbbbbbbbb ■■■■■■■■■■ bbbbo  bbbbb bbbbb 
■bbbbb  a  bbbbbbbbb  aaBM^MMaaB^2BaBaBBBBBaaBBJ 

bbbbb  bbbbb  BBBBB 

H  ■■■■■■■Klr.aiiiiaNB  aaafManM  aaii.  BBBuaaaMMMBM  aianaHM 
aaaaaaaliSl'.aaaaaBaBBaafliaaaaaiaaaafc.BaaBaaaaaaaBaartRaaaaiaaaB 
■aBBBaRM'.aaRiRiaBaRiiRRiBRHHtBaflakXRBaaanaaiiiiiiiiiiaaii 
aaaaa  IBM'.I 


. . . . . 

. . . . .  aaaaaaa 

RHBBBMIR  BRBBIBBBB  BBBBRBBBaB  IBBaBBIBk'B  BBRBfl 
|M||aMBHBlBRBBBBB  BBBBBBBBBB  IBBBBIIBB.'IBRBI 
||H||||H|M|H||M|BIBRIBBa  U|H 


BBBBBBBBBB 


BBBBB  BBBBIB  BBBBB 


:::::::::: 

HMiljBBB 


BBBB BBBBB 


bbbbbbbbbb 

bbbbbbbbbb 

bbbbb  BBBBamOTsmsmmsHmisvmBVHVM 

BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBI 
|  BBBBBBBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBBBBBBB BBBBI 
■BBBBBBBBBB BBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBB 


SHBBBB  BBBBB  BBBBBBBBBB  BBBBk 
■BBBiflBBBB BBBBBBBBBB BBBB 
■BBBB BBBBB BBBBBBBBBB BBBB 


WADC  TR  $2-55 


30 


ENERGY  ABSORPTION  AT  85  PER  CENT  OF  BREAKING  LOAD  (GRAM-CM. ) 
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Figure  16.  Energy  Absorption  Values  at  85  Per  Cent  Breaking  Load  for  Viscose 
Rayon  Yarns. 
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a*  For  all  the  yarns  there  is  an  increase  in  the  amount  of 
energy  absorbed  with  increase  in  twist  up  to  a  given  point,  after  -which 
there  is  a  decrease  in  energy  absorption*  Hie  rate  of  change  is  greater 
for  the  higher  denier  yarns,  which  require  less  twist  to  reach  a  maximum 
in  energy  absorption. 

b.  Regardless  of  twist  added,  semihigh -tenacity  yarns  show 
less  energy  absorbed  than  do  normal  tenacity  yarns  of  the  same  denier, 

c.  In  all  cases,  the  amount  of  energy  absorbed  at  85  per  cent 
of  the  breaking  load  is  less  than  85  per  cent  of  the  total  energy 
absorbed  at  the  breaking  point*  This  may  be  explained  by  the  fact  that 
the  ratio  of  elongation  to  load  is  greater  in  the  upper  part  of  the 
stress-strain  curves. 

7.  Elastic  Recovery  Values 

Values  of  the  elastic  recovery  calculations  are  presented  in 
Table  XI  and  Figure  17*  These  values  were  calculated  from  hysteresis 
curves  as  discussed  in  the  second  section. 

TABLE  XI 

ELASTIC  RECOVER!  VALDES  AT  85  PER  CENT 
BREAKING  LOAD  FOR  VISCOSE  RATON  TARNS 


Elastic  Recovery  (Per  Cent) 


Approximate 

Twist  Added  150-U0-2.5S 
(TPI)  (Ihd.  Ray.)* 

150-1+0-2.5S  250-60-2.5S  300-1+1+-2.5S  300-120-2.55 
(AVisco)  (AVisco)  (AVisco)  (DuPont)* 

As-Received 

32.1+ 

18.6 

U+.5 

13.5 

23.3 

5.0 

30.7 

17.9 

13.8 

U+.6 

25.7 

10.9 

33.8 

17.1 

13.8 

H+.1+ 

20.1+ 

20.1+ 

31.1 

17.2 

15.7 

ll+.o 

16.1 

33.3 

29.7 

17.3 

11+.6 

U+.o 

19.0 

1+2.3 

— 

— 

15.9 

— 

— 

53.0 

28.1 

15.7 

— 

— 

— 

*Sendhi^i- tenacity  yam.' 
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Figure  17.  Elastic  Recovery  Values  at  85  Per  Cent  Breaking  Load  for  Viscose 
Rayon  Yarns. 
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The  following  conclusions  can  be  drawn  from  a  study  of  data: 

a*  The  higher  tenacity  yams  have  considerably  better 
recovery  properties. 

b.  The  elastic  recovery  of  the  rayon  yams  tested  is  not 
affected  by  added  twist  up  to  approximately  1*0  TPI. 

8,  Tenacity  Values 

Tenacities  of  the  rayon  yams  were  calculated  from  the  IP-2 
breaking  strength  data  and  denier  measurements.  The  tenacity  calcula¬ 
tions  are  given  in  Table  XII  and  curves  are  presented  in  Figure  18. 

TABLE  XII 

TENACITY  VALUES  FOR  VISCOSE  RAYON  YARNS 


Tenacity  (Grams/Denier) 

Approximate 

Twist  Added  l50-i*0-2.5S  150-1*0-2.53  250-60-2.53  300-l*l*-2.5S  300-120-2.53 


(TPI)  (Ind.  Ray.  )*  (AVisco)  (AVisco)  (AVisco)  (DuPont)-* 


As-Received 

2.68 

2.1*5 

2.00 

2.36 

2.71 

5.0 

2.81 

2.51 

2.02 

2.37 

2.78 

10.9 

2.82 

2.51* 

1.90 

2.30 

2.61* 

20.1* 

2.62 

2.1*1* 

1.70 

1.95 

2.07 

33.3 

2.26 

2.02 

1.31 

1.31* 

1.1*0 

1*2.3 

— 

— 

1.01* 

— 

— 

53.0 

1.1*2 

1.1*2 

“ 

*3emihigh-€enacity  yam. 


From  these  figures,  the  following  conclusions  can  be  drawn: 

a.  The  tenacities  of  all  the  rayon  yams  tested  have  a  maximum 
value  at  relatively  low  added  twists  and  then  drop  rapidly  with  addi* 
tional  twisting. 

b.  Hie  tenacities  of  the  higher  denier  yams  reach  the 
maximum  at  lower  values  than  those  of  the  other  yams  and  their  rate  of 
decrease  is  considerably  greater. 
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IV.  NYLON  YARNS 


The  second  phase  of  the  testing  program  vras  a  study  of  the  effect 
of  twist  on  the  properties  of  nylon  yarns.  Ten  different  yarns  were 
selected  for  testing  in  order  to  compare  the  effect  of  twist  on  yarns 
having  different  deniers,  filament  size,  type,*  and  tenacity.  The  yams 
studied  are  listed  in  Table  I. 

A#  Twisting 

Twist  was  applied  to  each  of  the  nylon  yarns  according  to  the 
method  described  in  the  second  section  until  shearing  and/or  creping 
of  the  yarns  occurred.  The  approximate  twists  added  to  the  yams  are 
shown  in  Table  XIII.  The  percentage  loss  in  original  breaking  strength 
for  each  yam  at  its  maximum  twist  is  included  in  the  table. 

TABLE  xirr 

OT3STING  DATA  FOR  NYLON  YARNS 


BesrQdttt  Loss  in 

Approximate  Twist 

Original  RfrtFfffirfrig  Strength 

Tam 

Added  (TPI) 

at  Maximum  Twist 

20-  7-0.5Z-200 

7, 

13,  23,  35,  hi,  70, 

100 

16.U 

30-10-0. 5Z-200 

7, 

13,  23,  35,  hi,  70, 

100 

13.9 

U0-13-0.5Z-2OO 

7, 

13,  23,  35,  hi,  70, 

100 

23.0 

li0-3l|-0.  5Z-200 

7, 

13,  23,  35,  hi,  70, 

100 

19.1 

70-31i-0.5z-100 

7, 

13,  23,  35,  hi,  10 

10.  h 

70-3U-0.5Z-200 

7, 

13,  23,  35,  hi,  70 

10.0 

70-31-0. 5Z-300 

7, 

13,  23,  35,  hi,  70 

11.1 

100-3U-0.5Z-300 

7, 

13,  23,  35,  hi 

io.5 

210-3U-1. 0Z-300 

7, 

13,  23,  35 

17.7 

260-17-1. 0Z-300 

7, 

13,  23,  35 

18.0 

"Type  100— -bright,  normal  tenacity,  no  size  or  oil. 
Type  200— -semi dull,  normal  tenacity,  no  size  or  oil. 
T^pe  300 — bright,  high- tenacity,  no  size  or  oil. 
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B.  Presentation  and  Analysis  of  Experimental  Data 
1.  Twist  Determinations 


Twist  determinations  for  the  nylon  yarns  are  given  in  Table  XIV. 

TABLE  XIV 

TWIST  MEASUREMENTS  ON  NILCfN  TARNS 


Approximate 
Twist  Added 
(TPI) 

Measured  Twist  (TPI) 

20-  7-0. 5Z 
Type  200 

30-10-0. 5z 

Type  200 

1*0-13*0. 5Z 
Type  200 

l*o-3l*-o.5z 
Type  200 

70-3U-0.5Z 
Type  100 

As-Received 

0.3 

0.3 

0.5 

0.6 

0.1* 

7.0 

7.8 

7.8 

7.3 

8.1* 

7.7 

13.1 

ll*.3 

13.5 

13.3 

13.6 

13.0 

22.7 

23.2 

22.6 

22.7 

22.8 

22.7 

35.3 

31*.  3 

31*.  8 

31*.  2 

33.7 

31*.  1* 

1*6.7 

1* 3.9 

1*5.8 

1*3.8 

1*5.1 

1*5.3 

70.0 

66.7 

65.6 

66.7 

66.3 

67.2 

100.2 

97.8 

96.9 

96.7 

97.3 

«— 

70-3U-0.5Z 

70-3U-0.5Z 

100-3U-0.5Z 

210-3l*-1.0Z 

260-17-1. OZ 

Type  200 

Type  300 

Type  300 

Type  300 

Type  300 

As-Received 

o.l* 

0.5 

0.6 

1.1 

1.1 

7.0 

7.8 

7.1* 

7.8 

8.0 

8.2 

13.1 

13.7 

13.6 

13.6 

11*.  0 

il*.o 

22.7 

22.9 

23.0 

22.9 

23.5 

23.6 

35.3 

3U.7 

35.1 

3U.5 

35.9 

35.7 

1*6.7 

1*6.2 

1*5.9 

1*6.0 

— 

— 

70.0 

69.7 

67.6 

— 

— * 

— 

100.2 

mrnm 

*** 

MM 

mmtm 

The  measured  twist  of  the  as-received  samples  is  in  close  agreement 
•with  the  values  specified  by  the  manufacturer.  The  table  shows  that, 
when  hi§£i  twists  were  added,  the  measured  twist  was  found  to  be  slightly 
less  than  the  calculated  value. 

2.  Denier  Determinations 


The  nylon  denier  determinations  are  presented  in  Table  XV  and 
shown  graphically  in  Figure  19. 
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Figure  19.  The  Effect  of  Twist  on  the  Denier  of  Nylon  Yarns. 


TABLE  XV 


DENIER  MEASUREMENTS  ON  NYLON  YARNS 


Approximate 
Twist  Added 
(TPI) 

Denier 

20-  7-0. 5z 

Type  200 

30-10-0. 5z 

type  200 

U0-13-0.5Z 

type  200 

140-3U-0.5Z 
type  200 

70-3U-0.5Z 

type  100 

As-Received 

19.9 

29.7 

U0.2 

39.6 

70.3 

7.0 

19.6 

29.8 

U0.1 

39.2 

70.  u 

13.1 

19.7 

30.0 

U0.2 

39.5 

70.7 

22.7 

19.7 

30.1 

Uo.5 

Uo.o 

72.2 

35.3 

19.9 

30.5 

Ui.U 

U0.9 

7U.U 

U6.7 

20.2 

32.8 

U2.7 

la.  8 

75.7 

70.0 

20.8 

32.5 

U5.5 

uu.u 

85.9 

100.2 

22.3 

3U.6 

U9.3 

U8.6 

7*>3lH).5z 

N 

j 

100-3U-0.5Z 

210-3U-1.0Z 

260-17-1. oz 

Type  200 

type  300 

type  300 

type  300 

type  300 

As-Received 

70.3 

71.6 

99.9 

213.0 

266.3 

7.0 

70.5 

71.3 

100.2 

21U.7 

273.5 

13.1 

70.8 

72.0 

101.2 

218.5 

279.1 

22.7. 

72.1 

73.8 

103.5 

230.1 

299.3 

35.3 

7U.U 

76.1 

108.8 

251.0 

33U.O 

U6.7 

75.9 

77.6 

113.9 

— 

— 

70.0 

8U.7 

— 

— 

— 

— 

100.2 

. 

tmmm 

— 1 — 

From  an  analysis  of  the  denier  results,  the  following  observations  were 
made* 

a.  For  all  the  yarns,  the  denier  increases  as  twist  is  added. 

b.  The  higher  denier  yams  exhibit  the  greatest  change  and 
rate  of  change  in  denier  with  added  twist. 

c.  The  change  in  denier  for  a  given  increase  in  twist  is  the 
same  for  both  the  1*0  denier  yarns. 

d.  The  change  in  denier  for  a  given  increase  in  twist  is 
approximately  the  same  for  the  three  types  of  70  denier  yarns. 
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3.  Diameter  Deterainations 


Data  for  the  nylon  diameter  tests  are  given  in  Table  XVI  and 
presented  graphically  in  Figure  20. 

TABLE  XVI 


DIAMETER  KEASUfflaJENTS  Oil  NIL®  YARNS 


Approximate 
Twist  Added 
(TPI) 

Diameter  (Microns) 

20-70-0. 5Z 
Type  200 

30-10-0. 5Z 
Type  200 

Uo-i3-o.5z 

Type  200 

Uo-3U-o.5z 

Type  200 

70-3H-0.5Z 
Type  100 

As-Received 

71.9 

97. U 

106.6 

123.6 

156.1 

7.0 

57.3 

72.5 

85.3 

87.5 

112.5 

13.1 

55.0 

68.9 

83.1 

83. U 

lio.  U 

•  22.7 

5fc.U 

69.3 

81.6 

80.U 

109.8 

35.3 

51 1.9 

69.  U 

80.7 

oo.6 

110.8 

16.7 

53.3 

71.  U 

60.3 

81.0 

110.0 

70.0 

55.0 

70.1 

80.6 

82.3 

112.  k 

100.2 

5H.6 

7k.  £ 

86.2 

OH. 9 

70-3lK>.5Z 

7O-3H-0.5Z  100-31-0. 5Z  210-3U-1.OZ  260-17-1. OZ 

Type  200 

Type  300 

Type  300 

Type  300 

Type  300 

As-Received 

151.7 

155.5 

173.0 

211.2 

221;.  0 

7.0 

iiH.il 

121.8 

Ha.o 

196.8 

213. H 

13.1 

111.3 

113.0 

133.7 

189.8 

207.7 

22.7 

110.6 

111.9 

133.  U 

189.5 

212.9 

35.3 

109.8 

111.9 

137.0 

202.9 

21 9.6 

16.7 

108.2 

112.5 

139.3 

— 

— 

70.0 

U3.7 

116.7 

— — 

— 

— — 

100.2 

~nt 

~7~* 

~  r 

Data  on  diameter  measurements  show  the  following: 

a.  For  all  the  yams  there  is  a  noticeable  decrease  in  the 
initial  diameter  with  added  twists  up  to  10-15  TPI.  For  twists  above 
this  range,  the  minimum  diameter  remains  constant  over  a  range  of  twist. 
Finally,  the  diameter  increases  (with  the  exception  of  the  20-7  yarn), 
usually  with  the  last  ten  TPI  of  twist  added. 
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Figure  20.  The  Effect  of  Twist  on  the  Diameter  of  Nylon  Yarns. 


b.  The  length  of  the  constant  range  is  an  inverse  function  of 
the  denier. 

c.  A  comparison  of  the  two  lj.0  denier  yarns  shows  that  the 
softer  1*0-31*  yam  has  the  larger  initial  diameter.  However,  the  minimum 
diameter  and  the  increase  in  diameter  at  high  twists  are  approximately 
the  same  for  both  yams, 

d.  A  comparison  of  the  70  denier  yams  shows  that  all  three 
yams  have  very  nearly  the  same  initial  diameter.  The  type  100  and 
200  yams  follow  the  same  curve.  However,  the  type  300  yam  does  not 
exhibit  as  much  decrease  in  diameter  as  do  the  other  type  yams. 

1*.  Breaking  Strength  and  Elongation  Determinations 

A  number  of  difficulties  were  encountered  in  testing  the  effect 
of  twist  on  the  breaking  strength  and  elongation  of  nylon  yams.  Orig¬ 
inally,  tests  were  made  on  the  yarns  with  both  the  IP-2  and  Suter 
testers  as  soon  as  possible  after  the  twisting  operations  were  completed. 
Although  the  breaking  strength  of  the  yam  was  only  slightly  affected, 
the  elongation  appeared  to  be  changed  considerably  by  the  added  twist. 

In  many  instances  the  elongation  results  were  erratic,  and  it  became 
necessary  to  check  the  data  frequently,  Die  checks  indicated  that  the 
relaxation  time  (the  time  the  twisted  yam  was  allowed  to  remain  on  the 
spool  before  it  was  tested)  had  a  direct  effect  on  the  elongation. 

This  was  particularly  true  of  the  lower  denier  yams.  After  the  above 
characteristics  of  the  yams  were  observed,  an  effort  was  made  to 
determine  an  optimum  yam  relaxation  period.  The  limitation  of  time 
prevented  this  study  for  each  individual  yamj  so  observations  were 
made  on  the  more  critical  yams  of  low  denier. 

1*2 
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After  the  effect  of  relaxation  for  IhH  hours  was  studied  on  one 
yam,  it  was  decided  that  each  yam  wild  be  stored  on  the  twister  spool 
for  a  period  of  two  weeks  before  testing,,  Biis  period  made  it  possible 
for  all  tests  to  be  based  on  a  common  time  of  relaxation,  with  a  major 
portion  of  relaxation  achieved,,  It  was  not  assumed,  however,  that  any 
yam  was  completely  relaxed. 

Figures  21  and  22  show  elongation  and  breaking  strength  curves  for 
the  U0“13  and  70—3U  type  200  yams  respectively,  before  and  after  two 
weeks  storage  on  twister  spools.  There  appears  to  be  a  considerable 
change  in  the  elongation,  particularly  at  the  higher  twists  of  the 
smaller  yam.  The  breaking  strength  appears  to  be  only  slightly 
affected.  Due  to  the  large  quantity  of  twisted  yam  consumed  in  running 
and  rerunning  relaxation  tests  on  the  first  five  yarns  in  the  series, 
there  was  not  a  sufficient  amount  of  relaxed  yarn  to  complete  both 
IP-2  and  Suter  tests.  Therefore,  it  was  decided  to  use  the  IP- 2  tester, 
since  it  is  believed  to  be  the  more  accurate  one  for  testing  smaller 
yams. 

It  should  also  be  noted  that  no  data  are  given  in  the  tables  and 
graphs  for  the  breaking  strength,  elongation,  energy  absorption,  elastic 
recovery,  and  tenacity  of  the  U0— 3U—200  yam.  The  results  of  tests  on 
this  yam  at  three  different  relaxation  periods  appeared  to  be  erratic 
and  anomalous  and  were  omitted. 

a»  Breaking  Strength  Determinations,  The  breaking  strength 
measurements  for  the  nylon  yams  are  given  in  Table  XVH  and  presented 
graphically  in  Figures  23  and  2U. 
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Figure  21.  Effects  of  Relaxation  on  Nylon  Yarn;  k,  40-13-200  (IP-2  Machine). 


Figure  22.  Effects  of  Relaxation  on  Nylon  Yarn;  v,  70-34-200  (IP-2  Machine) 
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Figure  24.  The  Effect  of  Twist  of  the  Breaking  Strength  of  Nylon  Yarns  (Suter  Single  Strand  Tester) . 


TABLE  XVn 


BREAKUP  STRENGTH  MEASUREMENTS  ON  NYLON  YARNS 


Breaking  Strength  (Grams) 


AppriPdbnsfcbe 

Twisrfc  Added 
(TPI) 

20—  7-0. 5z 

T^rpe  200 
IP-2 

30-10-0. 5z 

Type  200 
IP-2 

1a0-13-0.5Z 
Type  200 
IP-2 

70-3U-0.5Z 
Type  100 
IP-2 

As-Received 

131a 

166 

266 

395 

7.0 

131a 

167 

222 

U07 

13.1 

13U 

169 

221a 

I4OI4 

22.7 

131a 

168 

221a 

1a03 

35.3 

133 

167 

215 

I4O3 

U6.7 

132 

163 

212 

383 

70.0 

127 

155 

196 

35U 

100.2 

112 

Ha3 

17U 

— 

7O-3I4.-O.5&  70-3U-0.5Z  100-3U-0.5Z  2iO-.3l4-l.OZ  260-17-1. oz 
Type  200  Type  300  Type  300  Type  300  Type  300 
IP— ic  Suter  IP-2  Suter  IP-2  Suter  ffi-2  Suter  Jfr-2  Suter 


As-Received 

U07 

381 

5o1a 

h7h 

730 

676 

1715 

1595 

1727 

1611a 

7.0 

U20 

395 

509 

1a77 

738 

686 

1736 

1581 

1729 

1597 

13.1 

1a26 

389 

5o8 

1a81 

731 

682 

1727 

1582 

169 2„ 

1583 

22.7 

IaIIa 

398 

505 

1a73 

711a 

667 

1568 

Ha35 

1581 

Ua81a 

35.3 

1a23 

385 

500 

1a60 

675 

631a 

1I4II 

131a1a 

Ha18 

1336 

1a6.7 

1a07 

380 

1a97 

1a59 

653 

621 

— 

— 

— 

— . 

70.0 

367 

352 

1a1a7 

la7 

— 

— 

— 

M. 

— 

— 

100.2 

— — 

— 

— 

— 

— 

— — 

— 

— 

— 

An  analysis  of  these  data  shows  that  twist  affects  the  breaking  strength 
of  nylon  yam  as  follows: 

(1)  The  low  denier  yams  (20-70)  show  very  little  change 
in  breaking  strength  below  I4O  TPI  of  twist,  after  Which  there  is  a  grad¬ 
ual  decrease  in  breaking  strength  up  to  100  TPI. 

(2)  The  breaking  strength  of  the  100  denier  yam  is 
unaffected  by  added  twist  up  through  22  TPI. 
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(3)  The  breaking  strength  of  the  higher  denier  yarns 
decreases  at  much  lower  twists,  and  the  rate  of  decrease  is  greater. 
b.  Elongation  Determinations 

The  elongation  measurements  were  recorded  simultaneously 
with  the  breaking  strength  data.  The  measurements  for  all  nylon  yarns 
tested  are  presented  in  Table  XV1I1  and  are  shown  graphically  In 
Figures  2f>  and  26. 


TABLE  XVHI 

ELONGATION  MEASUREMENTS  AT  BREAKING  LOAD 
ON  NYLON  YARNS 


Elongation  (Per 

Cent) 

Approximate 

20-  7-0. 5z 

30-10-0. 5Z 

U0-13-0.5Z 

70-3U-0.5Z 

Twist  Added 

Type  200 

Type  200 

Type  200 

Type  100 

(TPI) 

IP-2 

IP-2 

IP-2 

IP-2 

As-Received 

2lt.lt 

25.5 

29.2 

2lt.2 

7.0 

23.5 

2U.7 

2U.5 

2U.6 

13.1 

2l*.3 

25.6 

2U.8 

25.1 

22.7 

23.9 

25.7 

26.5 

26.6 

35.3 

23. U 

26.3 

26.0 

30.lt 

U6.7 

2U.1 

25.6 

26.  It 

31.5 

70.0 

22.9 

26.6 

27.8 

35.9 

100.2 

21.2 

32.6 

33.2 

70-3I^0.5z 

70-3).-o.5z  100-3 U-0.5Z  210-3U-1.0Z  260-17-i.oz 

Type  200 

. ^ 

5  300  _  Type 

3  300 

_Tp>e_300 

Type  300 

tf-2  Suter 

IP-2 

5uter  ff-2 

Suter 

IP-2  Suter 

IP-2  Suter 

As-Received 

27.2  26.9 

21.9 

22.6  21.2 

20.5 

18.0  16.9 

2lt.5  26.7 

7.0 

27.5  2U.6 

22. U 

19.1  19.7 

17.9 

18.7  16.3 

25.2  20.9 

13.1 

28.1  25.lt 

22.lt 

19.7  19.9 

17.7 

20.1  17.2 

2 5.5  22.2 

22.7 

28.6  27.lt 

22.2 

22.5  20.7 

19.5 

20.1  18.8 

27.8  23.6 

35.3 

32.5  28.lt 

2it.lt 

22.0  21.9 

20.7 

25.8  25.9 

35.6  30.2 

U6.7 

3U.5  3lt.7 

27.9 

26.3  26.lt 

2it.3 

—  — 

—  — 

70.0 

37.U  36.8 

3U.2 

32.2  — 

—  — 

—  — 

100.2 

11  - 

mmm  mm* 

mmmm 
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Figure  26.  The  Effect  of  Twist  on  the  Elongation  of  Nylon  Yarns  (Suter  Single  Strand  Tester) 


An  analysis  of  the  elongation  data  indicates  the  following; 

(1)  The  elongation  of  the  lower  denier  yarns  is  affected 
the  least  by  a  given  amount  of  added  twist. 

(2)  In  general,  there  is  an  increase  in  elongation  of 
yarn  with  the  addition  of  twist  beyond  12  TPI. 

5.  Energy  Absorption  Values 

Energy  absorption  values  were  calculated  from  the  breaking 
strength  and  elongation  data  at  breaking  load  and  85  par  cent  of  breaking 
load  for  each  yarn.  Because  of  this,  any  errors  in  elongation  values  are 
manifested  in  energy  absorption  results.  The  data  are  given  in  Table 
XIX  and  Figures  27,  28,  29,  and  30. 

The  data  show  that: 

a.  In  general,  added  twist  has  very  little  effect  an  the 
energy  absorbed  by  the  low  denier  (20-Uo)  yams,  until  high  twist  is 
reached.  This  is  indicated  in  values  based  on  both  the  total  break 
and  85  per  cent  measurements. 

b.  With  the  exception  of  the  100  denier  yam,  the  energy 
absorption  at  break  of  the  higher  denier  yams  (?u-26o)  increases  up 

to  a  certain  amount  of  twist,  after  which  there  is  a  decrease  in  energy 
absorption. 

c.  The  energy  absorption  increases  with  increased  twist  in 
all  yams  at  85  per  cent  break. 

6.  Elastic  Recovery  Values 

Elastic  recovery  values  which  are  presented  in  Table  XX  and 
Figure  31  were  calculated  from  hysteresis  curves. 
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♦Data  Questionable 
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Figure  29.  Energy  Absorption  Values  at  85  Per  Cent  Breaking  Load  for  Nylon  Yarns. 


ENERGY  ABSORPTION  TO  85  PER  CENT  BREAKING  LOAD  (8RAH-CM. ) 


TNI ST  (TURNS  PER  INCH) 

Figure  30.  Energy  Absorption  Values  at  85  Per  Cent  Breaking  Load  for  Nylon  Yarns 
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Figure  31.  Elastic  Recovery  Values  at  85  Per  Cent  Breaking  Load  for  Nylon  Yarns. 


TABLE  XX 


ELASTIC  RECOVER!  VALUES  AT  85  PER  CENT 
BREAKING  LOAD  FOR  NYLON  YARNS 


JjLastic  Recovery  (Per  Cent) 

Approximate 
Twist  Added 

20-  7-0.5Z 

30-10-0.5Z 

Uo-i3-o.5z 

70-3U-0.5Z 

(TPI) 

Type  200 

Type  200 

Type  200 

BP  I1  ■ 

As-Received 

53.5 

53.8 

U7.3 

7i.o 

7.0 

57.9 

60.9 

57.U 

68.1 

13.1 

58.5 

59.8 

57.7 

69.6 

22.7 

55.5 

6o.o 

5U.5 

65.9 

35.3 

58.0 

57.7 

56,  U 

57.5 

U6.7 

57.3 

59.8 

51.3 

51.? 

70.0 

— 

U9.lt 

uu.u 

3U.0 

100.2 

— 

Uo.2 

39.7 

— 

70-3U-0.5Z  70-3U-o.5z  ioo-3U-o.5z  210-3U-1.OZ  260-17-1. oz 
Type  200  Type  300  Type  300  Type  300  Type  300 


As-Received 

6U.2 

62.5 

66.7 

65.5 

59.8 

7.0 

62.0 

61.1 

65.8 

66.7 

57.8 

13.1 

58.0 

60.0 

66.  U 

63.9 

57.3 

22.7 

61.7 

56.0 

63.1 

60.5 

51.7 

35.3 

U8.9 

5o.o 

53.3 

1+9.8 

Ul.6 

U6.7 

U6,0 

U3.3 

U5.6 

— 

— — 

70.0 

Ul.i 

35.1 

— 

— 

— 

100.2 

— 

— 

— — 

— 

— 

Examination  of  the  data  suggests  the  following  conclusions; 

a.  Althou^i  the  elastic  recovery  of  low  denier  yams  appears 
to  increase  with  the  first  increment  of  added  twist,  it  definitely 
decreases  for  all  yams  at  higher  twist,  with  the  exception  of  the 

20  denier, 

b.  She  rate  of  decrease  in  elastic  recovery  is  greater  for 
the  higher  denier  yams. 
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7.  Tenacity  Values 

Tenacities  of  the  nylon  yarns  were  calculated  from  the  IP-2 
breaking  strength  data  and  denier  measurements.  The  results  of  the 
tenacity  calculations  are  given  in  Table  HI  and  are  presented  graphi¬ 
cally  In  Figure  32. 

TABUS  XXI 

TENACITY  VALUES  FOR  NYLON  TARNS 


Tenacity  (Grams/Denier) 

Approximate 

20-  7-0.5Z 

30-10-0. 5z 

1*0-13-0.52 

70-3U-0.5Z 

Twist  Added 

(TPI) 

Type  200 

Type  200 

Type  200 

Type  100 

As-Received 

6.73 

5.59 

5.62 

5.62 

7.0 

6.81* 

5.60 

5.5U 

5.78 

13.1 

6.80 

5.63 

5.57 

5.71 

22.7 

6.80 

5.58 

5.53 

5.58 

35.3 

6.68 

5.1*8 

5.19 

5.42 

U6.7 

6.53 

I*.  97 

U.96 

5.06 

70.0 

6.11 

1**77 

1*.31 

1*.12 

100.2 

5.02 

1*.13 

3.53 

— 

70-3U-0.5Z 

70-3U-0.5Z 

ioo-3i*-o.5z . 

210-31*0..  0Z 

260-17— 1.0Z 

Type  300 

Type  300 

22.. 

Type  300 

As-Received 

5.79 

7.01* 

7.31 

8.05 

6.1*9 

7.0 

5.96 

7.H* 

7.37 

8.09 

6.32 

13.1 

6.02 

7.06 

7.22 

7.90 

6.06 

22.7 

5.71* 

6.81* 

7.oo 

6.81 

5.28 

35.3 

6.ol* 

6.57 

6,20 

5.62 

1*.25 

1*6.7 

5.81 

6.1*0 

5.73 

70.0 

5.21* 

5.10 

— 

— 

— 

100.2 

Me 

ms 

Me 

From  these  values  the  following  conclusions  may  be  drawn. 

a.  The  tenacities  of  all  nylon  yarns  reach  a  maximum  value  at  a 
relatively  low  twist  ana  then  decrease. 
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Figure  32.  Tenacity  Values  for  Nylon  Yarns. 


b.  The  maximum  tenacity  occurs  at  loner  twist  values  for  the 
higher  denier  yams  than  it  does  for  the  lower  denier  yarns.  The  rate 
of  decrease  for  added  twist  is  greater  for  the  higher  denier  yarns. 

V.  FIBER  V  YARNS 

Studies  of  the  effect  of  twist  on  yam  properties  were  made  on 
three  Fiber  V  filament  yams  which  were  supplied  by  the  E.  I.  duPont 
de  Nemours  St  Co.  Since  Fiber  V  was  being  produced  at  the  time  of  the 
research  on  an  experimental  basis  only,  a  comparatively  few  yams  were 
available.  These  yams  are  1+0-3U,  70-3H,  and  210-3U  respectively. 
Neither  the  amount  of  twist  nor  the  tenacity  of  the  yams  as-received 
was  specified  by  the  manufacturer.  Experimental  data,  however,  showed 
the  U0-3U  and  70-3U  denier  yams  to  be  of  normal  tenacity  and  the  210- 
3U  denier  yam  to  be  of  high  tenacity.  The  yams  are,  therefore, 
treated  as  such  in  the  data  analysis  study. 

A.  Twisting 

Twist  was  added  to  each  of  the  Fiber  V  yams  until  the  yams  began 
to  crepe.  Creping  occurred  on  the  70-3U  yam  at  twists  above  k9  TPI. 
Twists  as  hi$i  as  100  TPI,  however,  were  added  to  the  U0-3U  yam  with¬ 
out  the  occurrence  of  creping.  No  shearing  action  took  place  on  any 
of  the  yams  at  high  twists.  The  twists  added  to  the  respective 
Fiber  V  yams  follow  in  Table  XXII,  The  percentage  loss  in  the 
oiiginal  breaking  strength  (as  calculated  from  the  IP-2  data)  at  the 
maximum  added  twist  is  also  included. 


WADC  TR  52-55 


62 


TABLE  ffll 


TWISTING  DATA  FOE  FIBER  V  YARNS 


Yam 

Approximate  Twist 

Added  (TPI) 

Per  Gent  Loss  in 
Original  Breaking  Strength 
at  Maximum  Twist 

U0-3U 

7.0,  13.1,  22.7,  35.3, 
U6.7,  70.0,  100.2 

16 

70-31; 

7.0,  13.1,  22.7,  35.3, 
U6.7,  70.0 

ho 

210-31; 

7.0,  13.1,  22.7,  35.3, 

16.7 

hh 

The  desired  J;0  per  cent  loss  in  original  breaking  strength  -was  obtained 
for  all  the  yarns  -with  the  exception  of  the  U0-3U  yam*  Because  of 
limitations  of  the  twister,  no  more  than  100  TPI  could  be  added  to  the 
Uo— 3U  yam. 

B.  Presentation  and  Analysis  of  Idle  Experimental  Data 
1.  Twist  Determinations 

The  twist  measurements  for  each  of  the  Fiber  V  yarns  are 
given  in  Table  XXIII. 

TABLE  XXHI 

TWIST  MEASUREMENTS  ON  FIBER  V  YARNS 


Measured  Twist  (TPI) 


Approximate  Twist 
Added  (TPI) 

UO— 31; 

70-31; 

210-31; 

As-Received 

1.0 

0.9 

l.U 

7.0 

7.8 

8.1 

8.1; 

13.1 

13.3 

13.5 

m.5 

22.7 

23.1 

23.0 

23.8 

35.3 

35.0 

3h»  6 

36.5 

U6.7 

U5.7 

U5.2 

U7.8 

70.0 

67.5 

67.1; 

— 

100.2 

97.9 

**** 

— - 
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2.  Denier  Determinations 


Results  of  the  denier  measurements  for  the  Fiber  V  yams  are 
given  in  Table  XXIV  and  presented  graphically  in  Figure  33. 

TABU:  xxiv 

DENIER  MEASURELIEinS  ON  FIBER  V  TARNS 


Denier 

Approximate  Twist 
Added  (TPI) 

U0-3U 

70-3U 

210-3U" 

As-Received 

39.6 

69.2 

210.7 

7.0 

39.8 

69.8 

213.2 

13.1 

UO.O 

70.1 

216.7 

22.7 

U0.5 

71.1 

225.8 

35.3 

la.o 

73.0 

21+5.8 

U6.7 

ia.6 

75.6 

270.6 

70.0 

U3.8 

82. U 

100.2 

H8.5 

— 

— 

*&igjb~tenacity  yarn. 


From  the  data  obtained,  the  following  conclusions  were  drawn: 

a.  For  all  the  yams,  denier  is  an  increasing  function  of 

the  twist. 

b.  Hie  larger  the  initial  denier,  the  greater  is  the  percentage 
increase  in  denier  for  a  given  increase  in  twist. 

3 .  Diameter  Determinations 

The  Fiber  V  yam  diameter  measurements  are  presented  in  Table 
XXV,  and  graphs  calculated  from  these  data  are  given  in  Figure  3U. 
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Figure  33.  The  Effect  of  Twist  on  the  Denier  of  Fiber  V  Yarns 
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Figure  34.  The  Effect  of  Twist  on  the  Diameter  of  Fiber  V  Yarns. 


table  xxv 


DIMETER  MEASUREMENTS  ON  FIBER  V  XARHS 


Diameter  (Microns) 


Approximate  Twist 
Added  (TPl) 

U0-3U 

70-3U 

210-3U'"' 

As-Received 

88.6 

115.5 

158.0 

7.0 

80.0 

101.1 

176.7 

13.1 

77.1 

102.2 

175.  h 

22.7 

7U.3 

101.0 

177.2 

35.3 

77.2 

100.5 

175.0 

H6.7 

78.U 

103.1 

18U.U 

70.0 

78.0 

10U.5 

— 

100.2 

78.7 

tenacity  yarn. 


The  data  offer  these  conclusions: 

a.  For  all  yams,  the  diameter  decreases  with  small  added 
twist,  goes  through  a  constant  range,  and  then  appears  to  increase  at 
higher  twists. 

b.  The  length  of  the  constant  range  is  greater  for  lower 
denier  yams.  The  increase  in  diameter  for  the  Uo  denier  does  not  appear 
in  the  twists  covered. 

U«  Brealdng  Strength  Determinations 

Breaking  strength  determinations  were  made  on  both  the  Suter 
and  IP-2  machines  after  a  relaxation  period  of  two  weeks.  The  data 
obtained  are  given  in  Table  XXVI  and  presented  graphically  in  Figures 
35  and  36. 
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Figure  35.  The  Effect  of  Twist  on  the  Breaking  Strength  of  Fiber  V  Yarns  (IP-2  Machine). 
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TABLE  XXVI 


BREAKING  STRENGTH  MEASUREMENTS  ON  FIBER  V  TARNS 


Breaking  Strength  (Grama) 


Approximate  Twist 
Added  (TPI) 

1+0*31+ 

TF3T  SuEer 

As-Received 

217 

198 

7.0 

211 

192 

13.1 

211 

192 

22.7 

218 

197 

35.3 

219 

199 

U6.7 

213 

197 

70.0 

198 

188 

100.2 

182 

171 

^liigh-tenacity  yarn* 


70-31+  210- JU* 


IEF 

Suter 

Suter 

390 

31+6 

ll+9l+ 

11+13 

389 

351+ 

11+90 

11+28 

392 

355 

li+70 

li+11 

388 

356 

U+03 

1337 

381+ 

31+1+ 

1127 

1103 

376 

31+1+ 

831+ 

818 

228 

311+ 

— 

— 

mmm 

“,L,TT 

MM 

MM 

Hie  effects  of  twist  on  the  breaking  strength  of  the  Fiber  Y  yarns  are 
as  follows: 

a.  For  all  yams,  the  breaking  strength  decreases  with 
addition  of  twist,  although  the  breaking  strength  of  the  1+0  and  70 
denier  yams  are  not  affected  appreciably  until  1+5  TPI  have  been  added. 

b.  Hie  breaking  strength  of  the  210-31+  high- tenacity  yam 
begins  to  decrease  immediately  with  the  addition  of  twist,  and  the  rate 
of  decrease  is  greater  than  that  of  the  other  yams, 

5.  Elongation  Determinations 

The  elongation  data  and  graphs  about  Fiber  V  are  givsn  in 
Table  XXVII  and  Figures  37  and  38,  respectively. 
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Figure  37.  The  Effect  of  Twist  on  the  Elongation  of  Fiber  V  Yarns  (lP-2  Machine). 
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Figure  38.  The  Effect  of  Twist  on  the  Elongation  of  Fiber  V  Yarns  (Suter  Single  Strand  Tester; . 


TABLE  XXVTI 


EKJNQATIGN  MEASUREMENTS  AT  BREAKER  LOAD 
ON  FIBER  V  YARNS 


Elongation  (Per  Cent) 


Approximate  Twist 

Uo— 3U 

70-3U 

210-3U* 

Added  (TPI) 

xF-z 

Suter 

1F-Z 

Suter 

TF-2^ 

Suter 

As-Received 

22.6 

21.9 

21.8 

16.5 

11.2 

11.9 

7.0 

18.5 

16.9 

20.6 

18.0 

12.5 

13.2 

13.1 

18,1 

16.9 

21.9 

18.1 

12.9 

l)*.l 

22.7 

22.6 

21.5 

23.1* 

20.0 

lii.B 

16.2 

35.3 

25.9 

25.8 

27.1 

21.6 

15.6 

16.8 

1*6.7 

27.5 

26.2 

29.0 

27.U 

17.2 

18.3 

70.0 

27.8 

27.8 

27.9 

— 

— 

100.2 

2  9.1* 

•38* 

—> * 

— 

M#k 

— 

•Jdligh-tenacity  yam. 

•s-a-Suter  elongation  data  not  considered  valid  at  this  twist 


Hie  following  conclusions  were  drawn  from  a  study  of  the  elongation 
curves: 

a.  At  all  twists,  the  elongation  of  the  hi^a-tenacity  210 
denier  yarn  is  considerably  lower  than  that  of  the  normal-tenacity  I4.O 
and  70  denier  yarns. 

b.  The  elongation  of  the  yarns  increases  rapidly  as  twists 
above  10  TPI  are  added,  The  increase  continues  to  a  twist  of  lj0-50 
TPI.  Additional  twist  has  little  effect  on  elongation* 

6,  Energy  Absorption  Values 

The  amount  of  energy  absorbed  by  the  Fiber  V  yams  at  break 
and  at  85  per  cent  of  the  breaking  load  was  calculated  from  stress- 
strain  curves  at  break  and  from  hysteresis  curves  at  85  per  cent  of 
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breaking  load.  The  data  are  presented  in  Table  XXVIH  and  given  graphi¬ 
cally  in  Figures  39  and  50. 


TABLE  xxvm 


ENERGY  ABSORPTION  VALUES 
FOR  FIBER  V  YARNS 


Energy  Absorbed  (Graro-Cm. ) 


Approximate 

40-35 

70-35 

210-35* 

Tvdst  Added 

85^ 

(TPI) 

Break 

Break 

Break 

Break 

Break 

Break 

As-Received 

'  997.5 

272.5 

1709.0 

555.5 

2871.5 

805.2 

7.0 

766.6 

210.5 

1585.9 

555.0 

3205.5 

823.1 

13.1 

757.1 

187.7 

1705.3 

603.2 

3110.2 

855.5 

22.7 

988.8 

279.6 

1781.3 

550.5 

3217.0 

1237.8 

35.3 

1151.2 

395.3 

2005.3 

678.6 

2537.9 

1295.3 

56.7 

1166.3 

396.6 

2016.9 

881.2 

1910.1 

1200.1 

70.0 

972.3 

5l8.6 

9H.1 

270.2 

— 

— 

100.2 

887.5 

582.2 

mmim 

yam. 

Die  foUovdng  general  conclusions  were  reached  in  regard  to  the  effect 
of  tvdst  on  energy  absorption  properties  of  111x0*  V: 

a.  The  maximum  in  energy  absorption  at  breaking  load  is 
attained  in  the  range  10-20  TPI  of  added  tvdst  for  the  210  denier 
yarns;  however,  it  is  about  1|0  TPI  for  both  the  70  and  50  denier  yarns, 

b.  The  rate  of  decrease  in  energy  absorption  is  greatest  for 
the  210  denier  high-tenacity  yarn  and  least  for  the  1*0  denier  yarn, 

7,  Elastic  -Recovery  Values 

The  elastic  recovery  values  calculated  from  yams  Then  stressed 
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Figure  39.  Energy  Absorption  Values  at  Breaking  Load  for  Fiber  V  Yarns. 
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Figure  40.  Energy  Absorpt  ions  Values  at .  85  Per  Cent  Breaking  Load  for  Fiber  V  Yarns 


to  85  per  cent  of  the  breaking  load  are  given  in  Table  XXIX  and  are 

I 

presented  graphically  in  Figure  1* 1. 

TABLE  XXIX 


ELASTIC  RECOVERY  VALUES  AT  85  PER  CENT 
BREAKING  LOAD  FOR  FIBER  V  YARNS 


m 


Elastic  Recovery  (Per  Cent) 


AjSpjtDdnate  Twist 
Added  (TPI) 

l*o-3l* 

70-31* 

210-3U' 

As-Received 

1*0.7 

1*0.0 

63.2 

7.0 

1*8.7 

1*3.5 

62.9 

13.1 

51*.i 

36.1* 

61.5 

22.7 

1*2.6 

38.1 

50.5 

35.3 

33.9 

33.3 

1*1.7 

1*6. 7 

33.3 

27.1 

31*.  1* 

70.0 

30.8 

— » 

— 

100.2 

27.1 

— 

— 

*ili^i“tenacity  yarn.' 


Die  data  reveal  these  conclusions? 

f 

a.  The  maximum  elastic  recovery  for  all  yams  is  attained  at 
twists  below.  15  TPI. 

b.  The  high-tenacity  210  denier  yarn  has  the  greatest  elastic 

recovery. 

S*.  .Tenacity  Values 

Tenacity  results  are  given  in  Table  XXX  and  are  presented 
graphically  in  Figure  1*2. 
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Figure  41.  Elastic  Recovery  Values  at  85  Per  Cent  Breaking  Load  for  Fiber  V  Yarns. 
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Figure  42.  Tenacity  Values  for  Fiber  V  Yarns. 


TABLE  XXX 


TENACITY  VALUES  FOR  FIBER  V  TARNS 


Tenacity  (Graias/Denier) 


Approximate  Twist 
Added  (TPI) 

4o-34 

70-34 

210-34' 

As-Received 

5.4o 

5.56 

6.99 

7.0 

5.24 

5.48 

6.89 

13.1 

5.21 

5.51 

6.69 

22.7 

5.30 

5.38 

6.13 

35.3 

5.26 

5.19 

4.52 

46.7 

5.06 

4.91 

3.04 

70.0 

4.46 

2.73 

— 

100.2 

3.70 

A- 

— 

-^gh-tenaciV  yarn. 


The  data  offer  the  following  conclusions: 

a.  The  tenacities  of  all  the  yarns  decrease  with  twists 
above  25  TPI. 

b«  The  higher  the  denier  of  the  yarn,  the  lower  is  the  twist 
at  which  the  decrease  begins,  and  the  greater  is  the  rate  of  decrease. 

c.  The  210  denier  yam  has  a  much  greater  initial  tenacity 
than  the  70  and  40  denier  yams. 
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VI.  ORION  YARNS 


Die  final  phase  of  the  experimental  program  was  a  study  of  the 
effect  of  twist  on  the  properties  of  Orion  yam*  As  in  the  case  of 
Fiber  V,  the  Orion  tested  n&s  produced  on  an  experimental  basis,  and, 
as  a  result,  only  a  limited  number  of  yams  was  available.  The  Orion 
yams  were  supplied  by  E.  I.  duPont  de  Nemours  &  Co.,  Inc.,  and  am 
7£-30-0.3Z,  100-UO-0.3Z,  200-80-0. 3Z,  and  U00-160-0.3Z.  Tenacities 
for  the  respective  Orion  yams  were  not  specified  by  the  manufacturer. 
However,  calculations  from  the  experimental  data  indicate  that  all 
the  yams  were  of  normal  tenacity,  and  they  are  treated  as  such  in 
the  analysis  of  the  experimental  results. 

A.  Twisting 

Twists  were  added  to  the  Orion  yams  as  recorded  in  Table  XXXI. 

TABIE  XXXI 

TITS  TOT}  DATA  FOR  ORION  YARNS 


Yam 

Approximate  Twist 

Added  (TPI) 

Per  Cent  Loss  in 
Original  Breaking  Strength 
at  Maximum  Twist 

75-30-0.3Z 

7.0,  13.1,  22.7,  35.3, 
1*6.7,  70.0 

58 

100-U0-0.3Z 

7.0,  13.1,  22.7,  35.3, 
U6.7 

38 

200-80-0. 3Z 

7.0,  13.1,  22.7,  35.3, 

10* 

U00-160-0.3Z 

7.0,  13.1,  22.7 

37 

In  each  case. 

twists  higher  than  the  maximum  value  given  produced  creping, 

The  percentage  loss  in  original  breaking  strength  (as  calculated  from  the 
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IP-2  data)  at  the  maximum  added  tvd.st  is  included 


After  they  were  twisted,  the  yarns  were  allcmed  to  relax  on  the 
twister  spools  for  approximately  two  weeks  before  they  -were  tested. 

B,  Results  and  Analysis  of  Experimental  Data 
1.  Twist  Determinations 

Results  of  the  twist  measurements  of  Orlor  yams  are  presented 
in  Table  XXXH. 

TABLE  XXXH 

T17IST  MEASUREMENTS  ON  ORION  YARNS 


Approximate 

Measured  Twist  (TPI) 

Twist  Added 
(TPI) 

75-30-0. 3Z 

100-U0-0.3Z 

200-80-0. 3Z 

U00-160-0.3Z 

As-Received 

0.2 

0.3 

0.3 

o.3 

7.0 

7.5 

7.1 

7.5 

7.5 

13.1 

12.9 

13.2 

13.6 

13.5 

22.7 

22.  k 

22. U 

23.1 

23.0 

35.3 

3U.1 

3U.7 

35.2 

— 

U6.7 

k$»l 

U6.3 

— 

— 

70.0 

68.5 

mmmm 

The  measured  twist  of  the  as-received  samples  agreed  with  Idle  twist 
specified  by  the  manufacturer.  Other  measured  twist  values  were  in  good 
agreement  with  calculated  values. 

2.  Denier  Determinations 

The  Orion  denier  measurements  are  given  in  Table  XXXHI  and 
are  presented  graphically  in  Figure  h3. 
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TABLE  min 


DENIER  MEASUREMENTS  ON  ORLCH  TARNS 


Denier 


Approximate 
Twist  Added 
(TPI) 


As-Received 

7.0 

13.1 

22.7 

35.3 

U6.7 

70.0 


75-30-0.32 

71*.  2 

73.7 

73.8 
75.2 
78.1 

80.9 
89.5 


100-1*0-0.3Z 

98.? 

98.6 

99.2 

101.3 

105.9 

111.6 


200-80-0.3Z 

196.6 

196.5 

198.9 

207.9 

227.6 


1*00-160-0. 3z 

391.7 

393.5 

1*09.6 

1*39.9 


The  effect  of  twist  an  the  denier  of  the  Orion  yams  tested  is  as  follows: 

a.  For  all  the  yams,  the  denier  is  an  increasing  function  of 

the  twist. 

b.  The  larger  the  initial  deni  er  size  of  the  yam,  the  lower 
is  the  twist  at  which  the  denier  increases,  and  the  greater  is  the  rate 
of  Increase  in  denier. 

3.  Diameter  Determinations 

The  diameter  determinations  of  the  Orion  yams  are  given  in 
Table  XXXIV  and  are  presented  graphically  in  Figure  1*1*. 

TABLE  XXXIV 

DIAMETER  MEASUREMENTS  ON  ORLCN  TARNS 


Approximate 

Diameter  (Microns ) 

Twist  Added 
(TPI) 

75-30-0. 3Z 

100-1*0-0. 3Z 

200-80-0. 3Z 

1*00-160-0. 3Z 

As  Received 

166.1* 

192.7 

287.9 

109.3 

7.0 

112. 2 

11*2.0 

195.2 

281.2 

13.1 

112.9 

131.7 

192.7 

277.U 

22.7 

108.1 

131*.  3 

195.0 

281*.  9 

35.3 

111*.  3 

139.0 

198.1* 

— 

1*6.7 

116.1* 

138.3 

— 

— 

70.0 

118.3 

‘  1 
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TWIST  (TURNS  PER  INCH) 

Figure  44.  The  Effect  of  Twist  on  the  Diameter  of  Orion  Yarns. 
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The  data  show  that: 


a.  For  all  the  yams  there  is  a  decided  decrease  in  diameter 
with  added  twists  up  to  8-10  TPI. 

b.  At  twists  above  the  8-10  TPI  range,  the  diameter  increases 
slowly,  with  the  higher  denier  yarns  having  a  greater  rate  of  increase. 

5.  Breaking  Strength  Determinations 

Breaking  strength  data  obtained  from  IP- 2  and  Suter  tests  are 
given  in  Table  XXXV  and  presented  graphically  in  Figures  55  and  56. 

TABLE  XXXV 

BREAKING  STRENGTH  MEASUREMENTS  ON  ORLON  TARNS 


Breaking  Strength  (Grams) 


Approximate 
Twist  Added 

75-30-0. 3Z 

100-50-0. 3Z 

200-80-0. 3Z 

500-160-0.3Z 

(TPI) 

llP-2  Suter 

Suter 

IP-2^ 

Suter 

IP-2 

Suter 

As-Received 

353*  330 

595^ 

557 

979 

823 

1715 

1507 

7.0 

355*  352* 

505* 

wa 

9  71* 

883 

1886 

1556 

13.1 

332-  353* 

577* 

553 

978* 

886 

1539 

1535 

22.7 

369*  355 

583* 

527 

775 

751 

1078 

1105 

35.3 

318  296* 

392 

351 

556 

519 

— 

— 

56.7 

2 55  237 

308 

288 

— 

— 

•— 

— 

70.0 

157  l5o 

— 

— 

— — 

— 

— 

— 

-"ifajori'fcy  of  breaks  at  jaw. 


Excessive  jaw  breaks  were  encountered  whan  testing  Orion  yarns.  These 
were  more  numerous  on  the  IP-2  tester  than  on  the  Suter.  The  greatest 
difficulty  was  experienced  with  the  low  denier  yams.  However,  after 
examination  of  all  the  breaking  strength  data,  it  is  concluded  that  the 
jaw  breaks  did  not  seriously  affect  the  over-all  breaking  strength  of  the 
yam  at  a  given  increment  of  twist. 
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BREAKING  STRENGTH  (GRAMS) 
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The  effects  of  twist  on  the  breaking  strength  of  Orion  yams  are 
as  follows : 

a.  The  first  increments  of  twist  increase  the  breaking  strength 
of  all  the  yams|  further  additions  decrease  the  breaking  strength. 

b.  Die  rate  of  increase  and  the  rate  of  decrease  in  breaking 
strength  are  both  greater  for  the  higher  denier  yams. 

5.  Elongation  Determinations 

Die  elongation  results  for  the  Orion  yams  are  given  in  Table 
XXXVI  and  corresponding  graphs  are  shorn  in  Figures  1+7  and  1+8. 

TABLE  XXXVI 

ELONGATION  MEASUREMENTS  AT  BREAKING  LOAD 
ON  ORLQN  YARNS 


Elongation  (Per  Cent) 


Approximate 
Twist  Added 
(TPI) 

75-30-0. 3Z 
iP-2  Suter 

100-1;0-0.3Z 
IP-2  Suter 

200-80- 0.3Z 
$-2  'duter 

1+00-160-0.3Z 
IF-2  iSuter 

As-Received 

17.3 

16.1 

16.8 

16. 1* 

16.8 

16.1 

15.7 

i5.o 

7.0 

16.2 

15.3 

16.1+ 

15.7 

16.2 

16.1 

16.1+ 

U+.5 

13.1 

15.5 

15.5 

15.8 

16.2 

16.9 

16.2 

15.7 

15.3 

22.7 

17.1 

16.8 

17.3 

16.2 

16.2 

16.2 

15.3 

15.6 

35.3 

16.6 

16.3 

16.0 

15.6 

16.2 

16.3 

— 

— 

1+6.7 

15.9 

15.6 

15.1+ 

16.0 

— 

— 

— 

— 

70.0 

13.8 

13.5 

— 

— 

— 

— 

— 

— 

The  data  show  that  added  twists  up  to  about  20  DPI  do  not  affect  elonga¬ 
tion.  Higher  twists  have  some  decreasing  effect. 

6,  Energy  Absorption  Values 

The  energy  absorption  values  at  break  and  at  85  per  cent  of 
breaking  load,  as  calculated  from  the  breaking  strength  curves  and 
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Effect  of 
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Figure  48.  The  Effect  of  Twist  of  the  Elongation  of  Orion  Yarns  (Suter  Single  Strand  Tester). 


hysteresis  diagrams,  respectively,  are  shown  in  Table  XXXVU  and  are 
presented  graphically  in  Figures  1+9  and  50. 

TABLE  XXXVII 


ENERGY  ABSORPTION  VALDES 
FOR  (JRLON  YARNS 


Energy  Absorbed  (Gram-Cm, ) 


Approximate  75-30-0. 3Z  100-1*0-0. 3Z  200-80-0. 3Z  i*00-l60-0.3Z 

Twist  Added  "  3 


(TPI) 

Break 

Break 

Break 

Break 

Break 

Break 

Break 

Break 

As-Received 

862.  1* 

516.8 

1153.0 

7U1.1* 

231*3.6 

1508.0 

3939.6 

2331.1 

7.0 

765.0 

1*79.1 

1087.0 

576.8 

2136.3 

11*76.6 

1*071.5 

2651.5 

13.1 

691.2 

1*39.8 

1005.3 

662.9 

2255.7 

1508.0 

321*2.1 

2155.1 

22.7 

83U.1 

5U1.9 

1087.0 

713.1 

171*0.1* 

1225.2 

2393.9 

1606.5 

35.3 

716.3 

U71.2 

870.2 

590.6 

1332.0 

955.0 

— 

— 

1*6.7 

552.9 

31*1*.  0 

69I*.  3 

l*7l*.l* 

— 

— 

— 

— 

70.0 

333.0 

19l*.8 

— 

— 

— 

— 

— 

— 

From  the  values  presented  in  the  graphs  and  table,  these  observations 
may  be  made: 

a.  Curves  showing  the  energy  absorption  values  on  the  two 
bases  have  the  same  shape. 

b.  The  higher  denier  yarns  absorb  the  most  energy. 

c.  The  energy  absorbed  by  the  yams  at  break  is  much  higher 
than  that  at  85  per  cent  breaking  load. 

7.  Elastic  Recovery  Values 

Elastic  recovery  values  for  Orion,  as  calculated  from  the 
hysteresis  diagrams,  are  presented  in  Table  XXXVIII  and  are  given 
graphically  in  Figure  $1. 
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Figure  49.  Energy  Absorption  Values  at  Breaking  Load  for  Orion  Yarns. 
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ENERGY  ABSORPTION  AT  85  PER  CENT  BREAKING  LOAD  (GRAM-CM.) 


TWIST  (TURNS  PER  INCH) 

Figure  50.  Energy  Absorption  Values  at  85  Per  Cent  Breaking  Load  for 
Orion  Yarns. 
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Figure  51.  Elastic  Recovery  Values  at  85  Per  Cent  Breaking  Load  for  Orion  Yarns. 


TABLE  XXZVIH 


ELASTIC  RECOVERY  VALUES  AT  85  PER  CENT 
BREAKING  LOAD  FOR  QRLON  YARNS 


Approximate 

Elastic  Recovery  (Per  Cent) 

Twist  Added 

(TPI) 

75-30-0.3Z 

100-1*0-0.  3Z 

200-80-0. 3Z 

1*00-160-0.3Z 

As-Received 

33.8 

30.2 

31.9 

31*.  6 

7.0 

35.U 

3l*.5 

32.1* 

35.1* 

13.1 

3h.6/ 

31*.  5 

33.8 

35.0 

22.7 

35.9 

33.1 

28.6 

31.8 

35.3 

31*.  2 

31.5 

2l*.l 

— 

1*6.7 

32.6 

29.9 

— 

— 

70.0 

28.6 

— 

— 

— 

The  data  show  that: 

a.  The  elastic  recovery  of  all  the  Orion  yams  at  low  twists 
is  very  nearly  the  same. 

b.  The  elastic  recoveries  reach  a  maximum  value  at  relatively 
low  twists. 

c.  The  hi^ier  denier  yarns  have  a  greater  rate  of  decrease  in 
elastic  recovery  with  added  twist. 

8.  Tenacity  Values 

The  tenacities  of  the  Orion  yams  were  calculated  from  the 
IP-2  breaking  strength  values  and  the  denier  determinations.  The  data 
obtained  are  given  in  Table  XXXIX  and  are  shown  graphically  in  Figure 
52. 
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TENACITY  (SRAMS /DENIER) 
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TABLE  XXXIX 


TENACITY  VALUES  FOR  ORLON  YARNS 


Tenacity  (Grams/Denier) 


Approximate 
Twist  Added 
(TPI) 

As-Received 

7.0 

13.1 

22.7 
35.3 

46.7 

70.0 


75-30-0. 3Z 

4.76 
1.82 
4.50 
4.91 
4.07 

2.77 
1.64 


100-40-0.3Z 

5.01 

5.H 

4.81 

4.77 

3.70 

2.76 


200-80-0,32 

4.98 

4.94 

4.92 

3.72 

2.40 


400-160-Q. 3z 

4.38 

4.79 

3.76 

2.45 


From  these  data  it  may  be  concluded  that; 

a.  Tenacities  of  the  yams  reach  a  maximum  value  at  relatively 
low  twists. 

b.  The  higher  denier  yarns  have  greater  rates  of  increase 
and  decrease  in  tenacity  with  added  twist. 
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VII.  GENERAL  CONCLUSIONS 

The  overall  c one lus ions  which  may  be  drawn  from  the  data  given 
in  the  preceding  sections  are  summarized  below.  However,  attention  is 
called  to  the  comparative  data  in  tables  and  graphs  included  in  the 
Appendix, 

1,  In  general,  the  effect  of  twist  on  any  characteristic  of  a 
yarn  is  greater  for  high  denier  yarns  than  for  low  denier  yarns. 

2.  Denier  is  an  increasing  function  of  twist  for  all  yams 
studied. 

3o  Diameter  decreases  with  added  twist  up  to  8-15  TPI;  remains 
constant  through  a  range,  the  length  of  which  is  an  inverse  function  of 
the  diameter)  and  then  increases  at  higher  twists,  (This  phenomenon 
is  not  demonstrated  by  all  yams.) 

U.  The  breaking  strength  values  of  rayon  and  Orion  increase 
slightly  over  the  initial  values  when  small  increments  of  twist  are 
added;  remain  constant  for  a  short  range;  and  then  decrease  with  added 
twist, 

5»  The  breaking  strength  values  of  nylon  and  Fiber  V  are  not 
affected  by  added  twist  until  high  twist  has  been  added. 

6.  Elongation  values  of  nylon  and  Fiber  V  increase  at  added 
twists  above  approximately  10-12  TPI.  The  elongation  of  rayon  and 
Orion  is  not  affected  by  added  twist, 

7.  Energy  absorption  values  for  nylon  and  Fiber  V  are  greater  and 
are  affected  less  by  twist  than  those  for  rayon  and  Orion. 

8.  Maximum  elastic  recovery  values  at  85  per  cent  of  breaking 
load  are  attained  at  relatively  low  twists  for  all  yarns. 
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9.  Tenacities  of  all  the  yarns  except  Fiber  7  have  a  maximum 
value  at  relatively  loir  twists;  they  then  decrease  rapidly.  Tenacities 
of  Fiber  V  yarns  are  approximately  constant  up  to  2 5  TPI  and  then 
decrease. 

In  addition  to  the  summary  of  the  effects  of  experimental  pro¬ 
cedures  on  yarns  in  general,  the  net  effects  of  these  procedures  on  the 
individual  types  of  yarn  may  be  mentioned.  Nylon  yam  is  the  least 
affected  in  its  physical  properties  by  the  addition  of  twist.  Fiber  V 
yam,  although  affected  more  than  nylon  yam,  shows  smaller  changes  in 
its  properties  with  added  twist  than  do  Orion  and  rayon  yarns. 
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VIII.  APPENDIX 
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It  should  be  pointed  out  that  a  parallel  comparison  among  all  the 
yarns,  regardless  of  their  varying  polymeric  nature,  is  of  dubious 
technical  validity!  however,  the  comparison  may  have  practical  value. 

For  that  reason  the  following  tables  and  graphs  have  been  prepared.  In 
order  to  compare  the  yarns  more  closely,  breaking  strength  and  energy 
absorption  values  have  been  converted  to  a  per  denier  basis.  Because 
of  some  change  of  scale  in  the  graphs,  it  has  been  deemed  advisable  to 
follow  points  exactly  in  plotting  the  curves  in  this  section.  Since  the 
increments  of  twist  added  to  the  rayon  yarns  differed  slightly  from 
those  added  to  the  others,  the  values  for  the  rayon  yarns  in  this 
section  are  interpolated  from  the  graphs  given  in  the  third  section. 

Some  division  of  the  data  must  be  made  for  convenience.  The  yarns, 
regardless  of  polymeric  nature,  were  arbitrarily  grouped  in  this  manner: 

a.  Low  denier  (20-l;0) 

b.  Medium-low  denier  (70-75) 

c.  Medium  denier  ( 100-150 ) 

d.  Medium-high  denier  (200-210) 

e.  High  denier  (250-l;00)» 

Comparative  values  are  tabulated  in  tables  XL  through  XLIV  and  are 
presented  graphically  in  Figures  53  to  72 , 


WADC  TR  52-55 


103 


TABLE  XL 


SUMMARY  OF  YARN  TENACITY  VALUES 


Tenacity  (Grams/Denier) 


Approximate 
Twist  Added 

Nylon 

Nylon 

Nylon 

Fiber  V 

(TPI) 

20-7-200 

30-10-200 

40-13-200 

40-34 

As-Received 

6.73 

5.59 

5.62 

5.40 

7.0 

6.84 

5.60 

5.54 

5.24 

1U.0 

6.80 

5.63 

5.57 

5.21 

23.0 

6.80 

5.58 

5.53 

5.30 

36.0 

6.68 

5.48 

5.19 

5.26 

46.0 

6.53 

4.97 

4.96 

5.06 

70.0 

6.11 

4.77 

4.31 

4.46 

100.0 

5.02 

4.13 

3.53 

3.70 

Nylon 

Nylon 

Nylon  Fiber  V 

Orion 

70— 34-100 

70-34-200 

70-34-300 

70-34 

75-30 

As-Received 

5.62 

5.79 

7.04 

5.56 

4.76 

7.0 

5.78 

5.96 

7.14 

5.48 

4.82 

1U.0 

5.71 

6.02 

7.06 

5.5i 

4.50 

23.0 

5.58 

5.74 

6.84 

5.38 

4.91 

36.0 

5.42 

6,04 

6.57 

5.19 

4.07 

U6.0 

5.06 

5.81 

6.4o 

4.91 

2.77 

70.0 

4.12 

5.24 

5.io 

2.73 

1.64 

100.0 

Nylon 

Orion 

AVisco 

Ihd.  Ray. 

100-34-300 

100-40 

150-40 

— 

150-40 

As-Received 

7.31 

5.01 

2.45 

2.68 

7.0 

7.37 

5.11 

2.51 

2.60 

1U.0 

7.2? 

4.81 

2.54 

2.60 

23.0 

7.00 

4.77 

2.44 

2.62 

36.0 

6.20 

3.70 

2.02 

2.18 

46.0 

5.73 

2.76 

1.42 

1.83 

70.0 

— 

— 

— 

100.0 

— 

-- 

— 

(Continued) 
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TABLE  XL  (Continued) 
SUUMAHT  OF  XAEN  TENACITY  VALUES 


\ 


Tenacity  (Orama/Denier) 


Approximate 

Twist  Added 

Nylon 

Tiber  V 

Orion 

(TPI) 

210-3^-300 

210-31* 

200-80 

Aa-Recelved 

8.05 

6.99 

U.98 

7.0 

8.0 9 

6.89 

k.9h 

ll*.0 

7.90 

6.69 

1^.92 

23.0 

6.81 

6.13 

3.72 

36.0 

5.62 

U.52 

2.1*0 

1*6.0 

— 

3.0U 

_ 

70.0 

— 

— 

— 

1QQ.0 

. — 

— 

AViaeo 

AVisco 

DuPont  Rayon 

Nylon 

Orion 

250—60 

3oo-_Mi 

300-120 

260-17-300 

1*00-160 

As-Received 

2.00 

2.36 

2.71 

6.1*9 

4-38 

7.0 

2.05 

2.50 

2.78 

6.32 

1*.79 

ll*.0 

1.95 

2.35 

2.60 

6.06 

3.76 

23.0 

1.70 

1.88 

2.10 

5.28 

2.1*5 

36.0 

1.31 

1.38 

1.1*0 

U.25 

U6.0 

— 

— 

— 

70.0 

— 

<Mi 

M. 

100.0 

““ 
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Figure  54.  Sunmary  of  Yarn  Elongations  at  Break. 
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Figure  55.  Summary  of  Yarn  Elongations  at  Break. 
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Figure  56.  Suimary  of  Yarn  Elongations  at  Break. 
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Figure  57.  Summary  of  Yarn  Elongations  at  Break. 


TABLE  XLI 


summary  a f  energy  absorption  values 

FOR  YARNS  AT  BREAKING  LOAD 


Energy  Absorbed  (Graa-Cn. /Denier) 


Approodaate 

Twist  Added 

Nylon 

Nylon 

Nylon 

Fiber  V 

.  (IPX) 

20-7-200 

30-10-200 

40-13-200 

Uo— 3ii 

As-Received 

31.2 

26.6 

30.2 

25.2 

7.0 

30.5 

26.0 

2H.2 

19.2 

lU.O 

31.5 

26.8 

2U.8 

18.9 

23.0 

31.3 

26.7 

26.1 

2lt.u 

36.0 

2  9.9 

26.5 

23.U 

27.8 

U6.0 

29.6 

22.6 

21.8 

28.0 

70.o 

2 k.h 

21.7 

17.3 

22.2 

loo.o 

16.1 

19.8 

16.5 

18.3 

Nylon 

Nylon 

Nylon  Fiber  V 

Orion 

70-3U-100 

70-3U-200  70-3U-300 

70-3U. 

,  2t32 

As-Received 

2lu5 

28.0 

26.3 

2U.7 

11.6 

7.0 

26,1; 

28.9 

27.5 

22.7 

10.U 

1U.0 

26.5 

29.8 

26.5 

2U.3 

9.h 

23.0 

26.3 

29.0 

2JU.li- 

25.0 

10.9 

36.0 

29.5 

31.6 

25.0 

27.5 

9.2 

U6.0 

26.2 

30.5 

26.7 

26.7 

6.8 

70.0 

21.6 

23.6 

— 

11.1 

3.7 

100.0 

— 

— — 

Nylon 

Orion 

AVisco 

Ind.  Ray. 

100-3U-300  100-1*0 

l5o-Uo 

As-Received 

25.9 

31.7 

7.9 

U.8 

7.0 

22.9 

11.0 

8.1 

5.5 

1U.0 

22.8 

10.2 

8.7 

5.7 

23.0 

21.8 

10.8 

8.7 

5.3 

36.0 

1 9.k 

8.2 

7.0 

U.2 

U6.0 

20.  U 

6.2 

5.8 

3.U 

70.0 

— 

— 

— 

100.0 

— 

— 

— 

— 

(Continued) 
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TABLE  XLI  (Continued) 


SUMMARY  OF  ENERGY  ABSORPTION  VALUES 
FOR  YARNS  AT  BREAKING  LOAD 


Energy  Absorbed  (Qraa-Ca. /Denier) 


Approximate 

Twist  Added 

Nylon 

Fiber  V 

Orion 

.(TPI) 

210-3U-300 

210-3U 

200-80 

As-Received 

21.6 

13.6 

31.9 

7.0 

22.1 

35.0 

10.8 

Ui.o 

23.0 

Ik.  3 

11.3 

23.0 

17.2 

lii.2 

8.U 

36.0 

17.2 

9.9 

5.8 

h6.o 

— 

7.0 

— 

70.0 

— 

w- 

— - 

100.0 

— 

— 

— 

|l 

AVisco 

300-Ui 

DuPont  Rayon 
300-120 

Nylon 

26017-300 

Orion 

U00-I60 

As-Received 

7.5 

8.2 

6.3 

27.0 

10.6 

7.0 

7.7 

8.7 

6.8 

26.7 

10.3 

lli.0 

7.6 

8.5 

6.5 

23.3 

8.0 

23.0 

6.3 

7.0 

li.6 

21.1; 

5.5 

36.0 

li.6 

3.9 

2.9 

19.7 

— 

U6.0 

3.1i 

— 

— 

— 

— 

70.0 

— 

— 

— * 

— 

— 

100.0 

— 

— 

— 

— 

— 
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Figure  58.  Summary  of  Energy  Absorptions  to  Breaking  Load. 
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Figure  59.  Summary  of  Energy  Absorptions  to  Breaking  Load. 


ENERGY  ABSORPTION  AT  BREAKING  LOAD  (GRAM-CM.  PER  DENIER) 


0  5  10  15  20  25  30  35  40  45  50  55  60 

TWIST  (TURNS  PER  INCH) 

Figure  60.  Summary  of  Energy  Absorptions  to  Breaking  Load. 
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ENERGY  ABSORPTION  AT  BREAKING  LOAD  (GRAM-CM. ) 


0  5  10  15  20  25  30  35  40  45  50  55  60 


TWIST  (TURNS  PER  INCH) 


Figure  61.  Summary  of  Energy  Absorptions  to  Breaking  Load. 
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Figure  62.  Summary  of  Energy  Absorptions  to  Breaking  Load. 


TABLE  XLII 


SUMMARY  OF  ENERGY  ABSORPTION  VALUES 
FOR  YARNS  AT  85  PER  CENT  BREAKING  LOAD 


Energy  Absorbed  ( Gram-Cm .  /Denier ) 

■  ■  ■  f . . 

Approximate 

Twist  Added 

Nylon 

Nylon 

Nylon 

Fiber  V 

-(IPX) 

20-T-200 

30-10-200 

U0-13-200 

Ii0-3U 

As-Received 

8.59 

7.27 

9.72 

6.89 

7.0 

7.65 

6.27 

7.10 

5.30 

ii;.o 

7.71 

6.93 

7.13 

U.70 

23.0 

8.57 

6.51 

7.67 

6.91 

36.0 

8.19 

7.1U 

6.  61; 

9.60 

1;6.0 

8.06 

6.3k 

7.51 

9.5U 

70.0 

7.21 

8.21; 

8.35 

9.56 

100.0 

10.08 

9.1k 

9.93 

Nylon 

Nylon 

Nylon  Fiber  V  Orion 

70-3U-100 

70-3U-200 

70-3U-300  70-31; 

75-30 

As-Received 

U.5o 

5.5U 

5.22  8.02 

6.96 

7.0 

5.21 

5.9U 

5.37  7.93 

6.k9 

1U.0 

U.90 

7.1U 

5.36  8.60 

5.96 

23.0 

5.31 

6.06 

5.90  7.59 

7.20 

36.0 

6.98 

9.78 

7.75  9.30 

6.03 

U6.0 

8.19 

10.10; 

10.21;  11.65 

U.  25 

70.0 

10.01 

10.73 

—  3.27 

2.17 

100.0 

*— 

—* • 

— - *  —— 

Nylon 

Orion 

AVisco 

lid.  Ray. 

100-3U-100  100-li0 

150-U0 

150-1;0 

As -Received 

5.56 

7.50 

U.9U 

2.U8 

7.0 

5.35 

5.85 

5.io 

2.82 

lU.O 

5.20 

6.68 

5.61 

3.00 

23.0 

6.03 

7.03 

5.62 

3.13 

36.0 

8.08 

5.58 

U.90 

2.81; 

1;6.0 

9.51 

U.25 

U.oo 

2.27 

70.0 

— 

100.0 

mmmm 

• 

MW 

(Continued) 
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TABLE  XLII  (Continued) 


\  SUMMARY  OF  ENERGY  ABSORPTION  VALUES 

FOR  YARNS  AT  85  PER  CENT  BREAKING  LOAD 


Energy  Absorbed  (Gram-Cm. /Denier) 


Approximate 

Twist  Added 

l^rlon 

Fiber  V 

Orion 

(TPI) 

210-3U-300 

210-31+ 

200-80 

As-Received 

5.72 

3.81 

7.67 

7.0 

£.93 

3.86 

7.51 

ll+.O 

6.61+ 

3.91+ 

7.58 

23.0 

6.55 

5.U8 

5.89 

36.0 

7.86 

5.27 

1+.19 

1+6.0 

— 

U.l+3 

— 

70.0 

— 

— 

— 

100.0 

— 

— 

— 

0  0 

AVisco 

300-1+1+ 

DuPont  Rayon 
300-120 

Nylon 

260-17-300 

Orion 

1+00-160 

As-Received 

1+.93 

5.19 

1+.02 

6.39 

5.95 

7.0 

5.11 

5.37 

1+.1+2 

6.50 

6.73 

U+.o 

5.21+ 

5.21+ 

1+.56 

6.75 

5.26 

23.0 

l+.l+O 

U.65 

3.15 

8.03 

3.65 

36.0 

3.38 

3.20 

2.32 

9.83 

— 

1+6.0 

2.57 

— 

— > 

— 

— 

70.0 

— 

— 

— 

— 

— 

100.0 

**** 
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Figure  64.  Summary  of  Energy  Absorptions  to  85  Per  Cent  Breaking  Load. 
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Figure  65.  Summary  of  Energy  Absorptions  to  85  Per  Cent  Breaking  Load. 
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Figure  66.  Summary  of  Energy  Absorptions  to  85  Per  Cent  Breaking  Load. 
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Figure  67.  Summary  of  Energy  Absorptions  to  85  Per  Cent  Breaking  Load. 


TABLE  XLIII 


SUMMARY  OF  ELASTIC  REG  OVERT  VALDES 
FOR  TARNS  AT  85  PER  CENT  BREAKING  LOAD 


Elastic  Recovery  (Per  Cent) 


Approximate 
Twist  Added 
(TPI) 

Ifylon 

20-7-200 

Ifylon 

30-10-200 

Ifylon 

1*0-13-200 

Fiber  V 
1*0-31* 

As-Received 

53.5 

53.8 

1*7.3 

1*0.7 

7.0 

57.9 

60.9 

57.1* 

1*8.7 

2l*.0 

58.5 

59.8 

57.7 

51*.  l 

23.0 

55.5 

60.0 

5U.5 

1*2.6 

36.0 

58.o 

57.7 

56.1^ 

33.9 

1*6.0 

57.3 

59.8 

51.3 

33.3 

70.0 

— 

1*9.1* 

l*l*.l* 

30.8 

100.0 

— 

1*0.2 

39.7 

27.1 

Ifylon 

Ifylon 

Nylon  FLber  V 

Orion 

7P-2U-100  1 

ro-3i*-2oo 

70-3l*-300 

70-31* 

75-30 

As-Received 

71.0 

61*.  2 

62.5 

1*0.0 

33.8 

7.0 

68.1 

62.0 

61.1 

1*3.5 

35.1* 

U*.o 

69.6 

58.0 

60.0 

36.1* 

31*.  6 

23.0 

65.9 

61.7 

56.0 

38.1 

35.9 

36.0 

57.5 

1*8.9 

50.0 

33.3 

31*.  2 

1*6.0 

51.7 

1*6.0 

1*3.3 

27.1 

32.6 

70.0 

31*.  0 

1*1.1 

35.1 

1*2.2 

28.6 

100.0 

'=**=* 

***** 

**** 

Ifylon 

Orion 

AVisco 

Ihd.  Ray. 

10C-3l*-300 

100-1*0 

150-1*0 

i5o-l*o 

As-Received 

66.7 

30.2 

18.6 

32.1* 

7.0 

65.8 

31*.5 

17.9 

30.7 

li*.0 

66.1* 

3l*.5 

17.1 

33.8 

23.0 

63.1 

33.1 

17.2 

31.1 

36.0 

53.3 

31.5 

17.3 

29.7 

1*6.0 

1*5.6 

29.9 

15.7 

28.1 

70.0 

— 

— 

— 

— 

100.0 

— 

— 

— 

— 

(Continued) 
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TABLE  mil  (Continued) 


>  - 

SUMMARY  CF  ELASTIC  RECOVERY  VALDES 

FOR  YARNS  AT  85  PER  CENT  BREAKING  LOAD  J 


Elastic  Recovery  (Per  Cent) 


Approximate 
Tidst  Added 
(TPI) 

8 

u 

CM 

Fiber  7 

210-31* 

Orion 

200-80 

As-Received 

7.0 

lli.O 

23,0 

36.0 

U6.0 

70.0 

100.0 

65.5 

66.7 

63.9 

60.5 

1*9.8 

ee— 

63.2 

62,9 

61.5 

50.5 

1*1.7 

3U.U 

31.9 

32.U 

33.8 

28.6 

2U,1 

AVisco 

AVisco 

DuPont  Rayon  Nylon 

Orion 

250-60 

300— lilt 

300-120 

260-17-300 

U00-160 

As-Received 

lit.  5 

13.5 

23.3 

59.8 

3U.6 

7.0 

13.8 

lU.6 

25.7 

57.8 

35.U 

lli.O 

13.8 

3JU.U 

20. U 

57.3 

35.0 

23.0 

15.7 

lii.o 

16.1 

51.7 

31.8 

36.0 

Ut.6 

lU.o 

19.0 

1*1.6 

U6.0 

15.9 

— 

— 

— 

— 

70.0 

— 

— 

— 

— 

— . 

100.0 

— 

— 

— 

— 

— 
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Elastic  Recovery  of  Yarns  at  85  Per  Cent  Breaking  Load 


ELASTIC  RECOVERY  AT  85  PER  CENT  8REAKIN6  LOAD  (PER  CENT) 


0  5  10  15  20  25  30  35  40  45  50  55  60 

TWIST  (TURNS  PER  INCH) 

Figure  70.  Summary  of  the  Elastic  Recovery  of  Yarns  at  85  Per  Cent 
Breaking  Load. 
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ELASTIC  RECOVERY  AT  85  PER  CENT  BREAM  NG  LOAD  (PER  CENT) 


0  5  10  15  20  25  30  35  40  45  50  55  60 


TWIST  (TURNS  PER  INCH) 

Figure  71.  Summary  of  the  Elastic  Recovery  of  Yarns  at  85  Per  Cent 
Breaking  Load. 
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ELASTIC  RECOVERY  AT  85  PER  CENT  BREAKING  LOAD  (PER  CENT) 
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TABLE  XLIV 


SUMMARY  OF  ELONGATION  MEASUREMENTS 


ON  YARNS  AT  BREAKING  LOAD 

Approximate 
Twist  Added 
(TPI) 

Elongation  (Per  Cent) 

Nylon 

20-7-200 

Nylon 

30-10-200 

Nylon 

lt0-13-200 

Fiber  V 
U0-3U 

As-Received 

2 h.k 

25.5 

29.2 

22.6 

7.0 

23.5 

21;.  7 

2li.5 

18.5 

1U.0 

2U.3 

25.6 

2U.8 

18.1 

23.0 

23.9 

25.7 

26.5 

22.6 

36.0 

23.1; 

26.3 

26.0 

2  5.9 

U6.0 

2U.1 

25.6 

26.  u 

27.5 

70.0 

22.9 

26.6 

27.8 

27.8 

100.0 

21.2 

32.6 

33.2 

29.U 

Nylon 

Nylon 

Nylon 

Fiber  V 

Orion 

70-3U-100 

70-3U-200 

70-3U-300 

70-31; 

l£30 

As-Received 

21;.  2 

27.2 

21.9 

21.8 

17.3 

7.0 

2U.6 

27.5 

22. U 

20.6 

16.2 

lU.0 

25.1 

28.1 

22. U 

21.9 

15.5 

23.0 

26.6 

28.6 

22.2 

23. u 

17.1 

36.0 

30.1; 

32.5 

2 h.k 

27.1 

16.6 

H6.0 

31.5 

3U.5 

27.9 

29.0 

15.9 

70.0 

35.9 

37.U 

3U.2 

27.8 

13.8 

100.0 

— 

— 

— 

— 

— 

Nylon 

Orion 

AVisco 

Ind.  Ray, 

100-3U-300 

100-U0 

150-1;0 

150-1;0 

As-Received 

21.2 

16.8 

19.1 

10.3 

7.0 

19.7 

16.U 

20.0 

10.8 

1U.0 

19.9 

15.8 

21.3 

11.1; 

23.0 

20.7 

17.3 

22.0 

12.0 

36.0 

21.9 

16.0 

21.8 

12.1; 

U6.0 

26.  U 

15.U 

21.1; 

12.0 

70.0 

— 

— 

— 

— 

100.0 

— 

— 

— 

— 

(Continued) 
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TABLE  XLIV  (Continued) 


SUMMARY  OP  ELQNOATICN  MEASUREMENTS 
ON  TARNS  AT  BREAEOO  LOAD 


Elongation  (Per  Cent) 


Approximate 

Twist  Added 

Nylon 

Piber  7 

Orion 

(TPI) 

210-3U-300 

210-3U 

200-80 

As-Received 

18.0 

11.2 

16.8 

7.0 

18.7 

12.5 

16.2 

Ul.O 

20.1 

12.9 

16.9 

23.0 

20.1 

U1.8 

16.2 

36.0 

25.8 

15.6 

16.2 

U6.0 

— 

17.2 

— 

70.0 

— 

— 

— • 

100.0 

— 

— 

AYlseo 

AVisco 

DuPont  Rayon 

Nylon 

Orion 

250-60 

300^U 

300-120 

260-17-300 

I1OO-I6O 

As-Received 

21.5 

21.0 

Hi.  6 

2li.5 

15.7 

7.0 

22.2 

22.3 

15.7 

25.2 

16.  U 

1I1.0 

22.8 

22.8 

16.2 

25.5 

15.7 

23.0 

22.5 

22.5 

15.U 

27.8 

15.3 

36.0 

22.0 

21.il 

13.9 

35.6 

«— 

U6.0 

21.  U 

— 

— 

— 

— 

70.0 

— 

— 

— 

— 

— 

100.0 

Mm 
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TWIST  (TURNS  PER  INCH) 


TENACITY  (SR AMS /DENIER) 
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TENACITY  (6RAMS/DEN IER) 
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TENACITY  (MAMS /HEN I ER) 


TWIST  (TURNS  PER  INCH) 


Figure  76.  Summary  of  Yarn  Tenacities. 
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TENACITY  (CRAMS /DEN  I  Eft) 


8.0 


Figure  77.  Summary  of  Yarn  Tenacities. 
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